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alifornia's ATS Program is

comprised of six major pro-
gram areas. Within these pro-
gram areas a significant level of activity is
underway. The areas are:

¢ Transportation Information
Services

¢ Advanced Vehicles

¢ Transportation Management
Systems

¢ Rural

¢ Infrastructure Construction
and Maintenance

e Systems Development,
Integration and
Implementation

The five-year program contains re-
search, testing and early deployment ac-
tivities described by major program area
which are linked to the user services dis-
cussed earlier in the “ Fifteen-year Deploy-
ment Overview.” In addition, current ATS
Program tests and demonstrations are sum-
marized and some significant projects high-
lighted.

Activity charts are a so included for each
program area. The charts are located
between each scope and project highlights
section and depict activities necessary to
accomplish deployment of a user service.
Accordingly, the charts also reflect work
doneby all partnersnecessary to accom-
plish the Caltrans AT S Program.

Severa of the activities described such
as: traveler-based detection/call boxes,
transportation management center/initiated
route guidance for incident management,
commercial vehicle projects, and prototype
high-occupancy vehicle enforcement sys-
tems, will require the California Highway
Petrol or other public and/or private entities
to actively participate in the development
and deployment of these systems. Caltrans
will work cooperatively in partnerships with
various entities to assist with these activi-
ties through deployment. The following is
a discussion of each magjor program area
and the related elements (user services or
components) though 2000.

Introduction
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TRANSPORTATION
INFORMATION SERVICES

Transportation Information
Services is a package of
user services which are
cost-effective ways to
improve mobility and pro-
vide travel substitution.

Smart Traveler/Modal Services
Pre-Trip Travel Information

En-Route Driver Advisory

En-Route Transit Advisory

Traveler Services Information

Route Guidance

Ridematching and Reservations

Travel Substitution

The milestones, scope of
services, activities and spe-
cific project highlights for

Transportation Information
Services are discussed on
the following pages.
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Transportation Information Services

1993 1994

1995

1996

MAJOR PROGRAM MILESTONES

1997

ATIS Field
Tests Launched

Telework Centers
Launched

Industry
Guidance for
En-Route
Driver Info

Guidelines for

Navigable Map
Database

Neighborhood
Telecenter Demo

Standard
Navigable Map
Database

National ITS System
Architecture Selected

Demonstrate
In-Vehicle Route
Guidance for HOV

Deploy Route Guidance -
Smart Corridor

Communication
Standard for
“Vehicle-As-Probe”

Real-Time
Database Standard
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Transportation Information Services

Smart Traveler/Modal Services — Scope

The concept of the “Smart
Traveler” relies heavily on the
effective use of a variety of

advanced communication tech-

nologies that can collect,
process, and present trans-
portation data to the traveler
when and where it is needed.

Smart Traveler/Modal Ser-
vices applications generally
fall into these broad user ser-
vices categories:

¢ Pre-Trip Travel Information

Provides information for selecting
transportation modes, travel times,
and route decisions before departure.

Pre-trip travel information allows travelers
to access a complete range of intermodal
transportation options at home, work, and
other major sites where trips originate. For
example, timely information on transit
routes, schedules, transfers, fares, and ride
matching services are included. Updates of
real-time information on accidents, road
construction, alternate routes, traffic speeds
along given routes, parking conditions,
event schedules, and weather information
complete the service.

This capahility gives a prospective traveler
aquick picture of important conditions and
services at agiven time. Optional itineraries
can be presented based on factors including
time of departure, time of arriva, routes and
modes, and intermediate stops. In its more
advanced forms, user profiles will enable
customized interfaces to better address mul-
ticultural and general variations.

¢ En-Route Driver Advisory

Driver advisoriesand in-vehiclesigning

for safety, convenience and efficiency.
Driver advisories are very similar to pre-trip
travel information, once travel begins. Audio
and visual technologies convey information
about incidents, construction, congestion,
parking availability, rideshare regquests, and
weather conditions to drivers. In-vehicle
signing, the second component of en-route
driver information, would provide the same
types of information found on physical road
signs today, directly to the vehicle. Vision-
impaired individuals and drivers of rental
vehicles are potential users. The service
would be extended to include indications of
road conditions and safe speeds for specific
types of vehicles (e.g., autos, buses, vans).

¢ En-Route Transit Advisory

Provides information to travelers

using public transportation after they

begin their trips.
En-route trangit information is similar to the
pre-trip travel information available (noted
above) to those using public transportation.
Real-time, accurate transit network infor-
mation helps travel ers make effective trans-
fer decisions and itinerary modifications as
needed while a trip is underway.
Accordingly, en-route driver information is
useful to public transportation drivers, while
en-route transit information focuses on tran-
sit riders.
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Transportation Information Services

Smart Traveler/Modal Services — Scope

e Traveler Services Information

“Electronic Yellow Pages’ integrated
with pre-trip and en-route informa-
tion system.

Traveler services information provides
quick access to travel related services and
facilitiesin the vicinity of aplanned trip or
one aready underway. These services will
be accessible in the home or office to help
plan trips, and with some limitations, while
en-route. The location, and availability of
food, lodging, parking, automotive services,
hospitals, and police facilities are a few
examples of pertinent information includ-
ed. When fully deployed it will connect
users, sponsors, and providers interactive-
ly, dlowing the usersto request and provide
needed information. A comprehensive, inte-
grated traveler services information system
could support financial transactions like
automatic billing for purchases.

¢ Route Guidance

Providestravelerswith smpleinstruc-
tionson how toreach their destinations.

Route guidance closely relates to en-route
driver information, potentially using the
same information as its foundation. Route
guidance services, however, will use infor-
mation on travel conditions to provide
directions. For example, amap display with
areas of congestion highlighted, qualifies as
en-route driver information. A route guidance
service would process this data to derive a
suggested route and associated instructions.

When fully deployed, route guidance sys-
tems will provide travelers with directions to
selected destinations. This service can betied
to multimodal traffic management for the
purpose of balancing the demand placed
upon the system and for incident response.

¢ Ride Matching and Reservations

Provides for dynamic or single-trip
rideshare matching.

Rideshare matching currently provides oppor-
tunities for commuters traveling between sim-
ilar origins and destinations. This user ser-
vice will allow for single-trip rideshare
matching and en-route pickups.
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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PreTrip Travzl Infe rmastion comid

Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Activity Charts
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Transportation Information Services

Smart Traveler/Modal Services - Project Highlights

100

A Travel Technology
Project

Travinfo, a large-scale FHWA-
sponsored operational test, being
conducted in the San Francisco Bay
Area, isan early model of amerged informa-
tion system. Travinfo is designed to collect
data from multiple transportation-related
sources including: airline schedules; transit
schedules, routes and fares; intercity rail
schedules and fares; CHP computer-aided
dispatch systems; Freaeway Service Patrol re-
ports; Transportation Management Centers

(TMCs), and many others. The datawill be
collected, processed and made available to
system users. The users, including the orig-
inal information providers, can accessthein-
formation in whatever detail their operation
requires. Private vendors may use the data as
a device to market transportation services.
The evaluation of the test will include user
opinion of private sector services, and the &f-
fects the use of the information has on the
system’s overall efficiency.

The success of the operational tests and
fully functional demonstrations will be used
to initiate deployment of a full function
Advanced Transportation Management
Information System (ATMIS) throughout
Cdlifornia.

Cable TV/Cellular Phone/Palm-top Computer/Desk-top Computer/Infor mation Kiosk
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In addition to the move-

ment of people and
goods, the transportation
system includes the move-
ment of information and services. Rapid ad-
vancements in telecommunications tech-
nology are leading towards the fulfillment
of Caltrans' vision for California’s trans-
portation future wherein telecommunications
either enhance or substitute for the mobility
of people and goods. This new approach to
mobility, challenges transportation system
managers to adequately plan for the telecom-
muni cations infrastructure as they would for
other modes of transportation.

Telecommunications technology is
essential to successful Transportation
Demand Management (TDM) strategies
that Caltransis using to address traffic con-
gestion, air quality issues and energy con-
servation, while increasing the mobility
potential of Californians without an
increase in motor vehicle trips. Specific
travel substitution areas being addressed by
the ATS Program include:

» Telecommuting
(Home and Telework Centers)

» Teleconferencing
» Teleshopping

» Telebanking

» Tele-education

Transportation Information Services

The five-year horizons for the deploy-
ment of new technologies are challenging
Caltrans to establish a systematic, phased
plan of action towards achievement of goals
and objectives relative to deployment.
Currently, the Caltrans Office of Trans-
portation Demand Management has been
following a strategy oriented towards deter-
mining the trip-making behavior associated
with teletrip substitution asa TDM strategy.
The strategy involves research, feasibility
studies, demonstration projects and other
activities aimed at determining the utility of
information transfer towards meeting the
department’s objectives.

Lttt Telocommunicastions: Mobilty Fioj octs

Travel Substitution - Scope

Telecommuting represents a
major innovative strategy in
the new process because it
expands the definition of home-
to-work transportation to
include telecommunications.

Several projects have been
undertaken to test the effec-
tiveness of telecommunica-
tions as a TDM strategy. These
projects emphasize coopera-
tive arrangements between
Caltrans, other agencies,
developers and the business
community.

Public utilities are supportive
of the use of telecommunica-
tions technologies. Recent
announcements by public utili-
ties that all digital networks
will be in place by 1997 will
help set the stage for the
deployment of a full-service
broadband infrastructure in
California.

(Al o feals imvolee e sncive Pl omd B ER &Aool OF BarinetEps ]
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Transportation Information Services

Travel Substitution - Activity Chart
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The Work Smart Project
provides the opportunity to
fulfill transportation needs
through telework by captur-
ing trends in office facility
design and operations.

Organizations that utilize new informa-
tion technol ogies and management practices
to develop awide array of time/space work
options that expand the boundaries of the
conventional workplace can achieve what
seem like contradictory goals: reducing
costs, increasing performance, enhancing
flexibility, and improving air quality and
traffic congestion. This project will help
organizations identify which workplace and
workforce strategies make the most sense
for meeting their needs, and assist in devel-
oping plans for implementing the evolving
workplace and managing it over time.

New approaches to mixed-use commu-
nities that are fully accessible viathe infor-
mation superhighway are anticipated.

I
I
I
I
|
]
_& o
T

Transportation Information Services

Travel Substitution - Project Highlights

Davis Community Network

Cdltransisworking with UCD to develop a
testbed community network which will sup-
port telework, telelearning, teleshopping,
telemedicine, telebanking, electronic
democracy, etc., as ameans of determining
the effect of such anetwork on trip demand.

The project requires a feasibility study
of three new networking technologies for
support of the community network:
Integrated Services Digital Network
(ISDN), wireless and cable television.
Negotiations are underway with vendors for
each type of technology. The project also
coordinates the development of the com-
munity network and training of the network
users. At least 500 test participants must be
initially recruited in order to provide a suf-
ficient research population. Up to 2,000
community network users (not necessarily
directly involved in the research effort) are
expected by January 1996.

The Davis Community Network Project
is researching wide area networking ameni-
ties and support for neighborhood telecen-

throughout the Central Valley and
lills (see map). Instead of driving to
, people are encouraged to walk, bike,
le a shuttle to a neighborhood office
ity which could provide computers,
xs, faxes, phones with voice mail, as
as support for electronic mail and
) teleconferencing. These facilities sup-
ent the use of home-based telecommu-
ions devices.

Caltrans has assumed a leader-
ship role in the development
and implementation of telecom-
munications strategies.

UC Davis is researching various
aspects of telecommuting.
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ADVANCED VEHICLES

Advanced Vehicles is a
package of smart vehi-
cles whose operation is
based on communica-
Smart Vehicles tions technologies; alter-
. . native vehicles; and high-
» On-Board Safety Monitoring speed systems, such as

» Personalized Public Transit
* Longitudinal Collision Avoidance

rail and air.

e Lateral Collision Avoidance

¢ Intersection Crash Warning and
Control

* Vision Enhancement for Crash
Avoidance

 Impairment Alert
* Pre-crash Restraint Deployment
* Fully Automated Vehicle Operations

 Transit, School Busand
Commercial Operations

The milestones, scope of

. . services, activities and
Alternative Vehicles specific project high-

. . lights for Advanced
» High-Speed Ground Transportation Vehicles are discussed

on the following pages.

 Air Transportation
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Advanced Vehicles
1994

1993

1993

Vehicle
Guidance and Control
Second Phase
Development

AHS Contract
LATELG

AHS Definition
Phase Launched

1994

1995

1995

1996

National ITS
System Architecture
Selected

AHS Test Track
Facility

Standard
Navigable Map
Database

1996

MAJOR PROGRAM MILESTONES

1997

Personal Public
Transportation
Demonstration

Collision
Warning
Demonstration

(Automobiles) Integrated

“Smart Bus”
Prototype
Longitudinal/Lateral
Control Demo
(Autos/Trucks)

AHS demo

1997 1998
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Smart vehicle applications gen-
eraly fal into these broad user
services categories:

¢ On-board Safety Monitoring

On-board safety monitoring service

focuses on enhancing safety for com-

mercial motor carrier transportation,

although thistechnology will be avail-

able for private automobiles also.
Such capabilities apply to pre- and post-trip
inspections, aswell aswarnings while under-
way. Communicating this safety information
while in motion is a part of the commercia
vehicle preclearance service and automated
roadside safety inspection services.

The most effective safety program will
occur if the automated roadside safety
inspections, commercial vehicle electronic
clearance, and on-board safety monitoring
services operate interactively and are com-
patible with carrier on-board safety systems.
Implementation of all three services simul-
taneously is achievable as long as the ITS
system architecture provides for phased
deployment.

WM

SmartBus

¢ Personalized Public Transit

Flexibly routestranst vehidesto provide
cost-effective personalized services which
can betruly competitive with the private
auto.

These transit vehicles can consist of small
buses, vans, taxicabs, or other small shared-
ride vehicles. They can essentially provide
door-to-door service, expanding aroute’'s
coverage area in less populated locations
and neighborhoods. This type of service can
offer shared-ride transportation at lower cost
and with greater convenience than conven-
tional fixed route transit. The principal
characteristic of this service is that multi-
ple passengers share vehicles. Small pub-
licly or privately operated vehicles operate
on demand assignments to pick up passen-
gers who have requested service and deliv-
er them to their destinations.
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¢ Longitudinal Collision Avoidance

Longitudinal collisionsinvolve head-on
and rear-end collisons between vehicles,
incdluding callisonsinvolving pedestrians.

Longitudinal collision avoidance will help
reduce the number and severity of collisions.
This involves sensing potential collisions,
prompting a driver’s avoidance actions, and
temporarily controlling the vehicle to help
minimize damage and injury. Longitudinal
collision avoidance includes sensing obsta-
clesboth in front of, and behind, the vehicle.
The forward-looking sensors will likely be
active al the time, whereas the rear-looking
Sensors are expected to be activated whenev-
er the vehicleisin reverse. The rear-looking
sensor will aid in preventing backup acci-
dentsin parking lots and restricted areas, and
will be especially helpful where thereis a
high probability of pedestrian traffic behind
or between vehicles.

Driver warning indicators for
hlind=spot detectors are activated
when turn signals are used.

e Lateral Collision Avoidance

Lateral collisonsinvolve vehiclesleaving
their own lane of travel while moving
forward.

Lateral collision avoidance technology will
help reduce the number of lateral collisions
by providing crash warnings and controls for
lane changes, blind spots and road departures.
Laterd collisonsinclude two-vehicle and sin-
gle-vehicle collisions.

There are degrees of control to both types
of crash warning and control capabilities.
For lane changes, a situation display can
continuously monitor avehicle's blind spot;
drivers can be actively warned of an
impending collision, and automatic control
can effectively respond to situations very
rapidly. For road departures, warning sys-
tems can cue a driver to an impending road
departure; assist in lane keeping, and pro-
vide automatic control of steering and throt-
tle in dangerous situations.

R

Blind-spot sensor locates
vehicles the dviver cannot
see in the adjacent lane.

Advanced Vehicles
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Collision warning systems, cur-
rently being tested, can be
adapted to longitudinal control.

Front blind-spot sensor

Rear hlind-spot sensor
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The goal of this effort is to
ensure safe, alert drivers.
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¢ Intersection Crash Warning
and Control

Accident avoidance at inter sections
wherethereisafrequency of accidents
and violations involving ambiguous
right-of-way laws.
Intersection collision avoidance closely
relates to two other collision avoidance ser-
vices: lateral and longitudinal collision
avoidance. | ntersection collision avoidance
could combine information about crossing
traffic with information about signal's ahead,
improving situational awareness.

¢ Vision Enhancement for Crash
Avoidance

Improves the driver’s ability to see
objectsin and around the travelway.

Improved visibility would alow the driver
to avoid potentia collisions with other vehi-
cles or obstacles in the line of travel and
help the driver to comply with traffic signs
and signals. This service requiresin-vehicle
equipment for sensing potential hazards
(such as fog, dust, and smoke), processing
thisinformation, and displaying it so that it
is useful to adriver.

¢ Impairment Alert

Provides warnings regarding the
condition of the driver, vehicle, and
roadway infrastructure.

In-vehicle equipment could unobtrusively
gauge a driver’'s condition and provide a
warning of drowsiness or otherwise
impaired conditions. This service would
also internally monitor critical components
of a vehicle beyond standard oil pressure
and engine temperature. Lastly, equipment
within avehicle could detect unsafe system
conditions in real-time, including bridge
icing, standing water on a roadway or rail
track discontinuity.
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¢ Pre-Crash Restraint Deployment

This technology is applied to devices
which anticipate an imminent collision
and activate passenger safety mecha-
nisms prior to collision, based on
details of vehicles and/or objects
involved.

Details can include velocity, mass, and
direction of the vehicle and objects
involved, as well as the number, location,
and physical characteristics of any occu-
pants. Responses include tightening lap-
shoulder belts, arming and deploying air
bags at an optimal pressure, deploying roll-
bars, and restraining wheelchairs.
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¢ Fully Automated Vehicle
Operations

Fully automates vehicles on instru-
mented facilities, significantly improv-
ing today’s safety, efficiency, and com-
fort standards.

Automated vehicle operations remain an
ITS objective. Drivers could buy vehicles
with the necessary instrumentation or retro-
fit an existing vehicle. Vehicles that are
incapable of automated operation could
continue to operate on conventional facili-
tiesfor many years.

e L
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¢ Transit, School Bus, and
Commercial Operations

Initial research by Caltransinto vehi-
cle control and vehicle automation has
been in automobiles, primarily dueto
the lower cost of experimenting with
autos as compared to buses or trucks.

However, Caltrans recognizes that the early
deployment of automation and automation
technologies will probably need to be in
transit and commercial operations.

This will be driven by the fact that the
most economic deployment in the early
stages will bein the transit and commercial
area, due to the lower relative cost of instru-
menting commercial vehicles when com-
pared to private automobiles. Caltrans’
vision includes a full-scale, evolutionary
approach to automation of transit, school
buses, and commercial vehicles.

The evolutionary approach involvestaking
early results from sensor studies, lateral and
longitudinal control studies, and related
automobile research, and adapting and
evolving that into a series of bus and truck
research projects. That research moves from
instrumentation of large vehicles to driver
assistance in the form of collision warning
(both lateral and longitudinal), and then to
simple driver assistance (such as lane keep-
ing assistance) and finally to full automa
tion. The same approach will be used for
transit, school buses, and commercial
trucks. The transit automation research will
be fully coordinated with the “smart bus’
research and experimentsto provide an inte-
grated, incremental approach leading to
warning, then assistance, and eventually,
perhaps full automation.

Commercial trucks will follow asimilar
path giving the driver and owner increas-
ing driver assistance and automation, also
coordinated with the “smart vehicle”
research that includes weigh-in-motion,
electronic permits and fee collection, and
automated fleet management.

School bus automation will take a more
conservative approach, with early research
providing driver enhancements for both
lateral and longitudinal collision warning,
and fleet management, followed by partial
automation of functions such as lane keep-
ing. Full automation of school buses
remains atopic that will require investiga-
tion to determine if it will be accepted
because of the higher level of safety sen-
sitivity involved with children on school
buses. Technically, it is asfeasible astran-
sit automation, but public acceptance may
evolve more slowly.

In all cases of transit, school buses, and
commercial vehicles, the key isto build on
automobile and other related research to
develop an integrated, incremental
approach, with each step adding features
that will bring the commercia operators a
clear advantage and return on investment.
Features which may be salable on automo-
biles to the genera driving public may not
be marketable in the commercial arena
unlessthereisaclear advantage to the com-
mercial owner/operator.
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The Automated Highway
System (AHS) Program

The ITS concept was devel oped
to address the challenges of trans-
portation system improvements which are
required to meet the diverse needs of our
mobile society. ISTEA (1991) Title VI,
requires that “the Secretary of Transportation
shall develop an automated highway and vehi-
cle prototype from which fully automated intel-
ligent vehicle highway systems can be devel-
oped. Such development shall include research
in human factors to ensure the success of the
man-machine relationship. The goal of this
program is to have the first fully automated
roadway or an automated test track in opera-
tion by 1997 The AHS development program
is broadly structured into three phases:

e The Analysis phase;
» The Systems Definition phase; and
» The Operational Evaluation phase.

e The analysis phase was completed in
November 1994, and the results were dis-
tributed to the interested stakeholder groups.
Thisanaysis phase will provide the analyt-
ical foundation for efforts to be conducted
in the systems definition phase, which will
include a human factors study analyzing key
AHS requirements and issues; and, National
Highway Traffic Safety Administration
(NHTSA) sponsored collision avoidance-
oriented vehicle warning and control ser-
vices/devices which may evolveinto an au-
tomated highway system.

* The second, or systems definition phase
will identify system god s and identify, eva-
uate, and demonstrate selected AHS system
concepts. Early products of this phase will
be a Proof of Feasibility Demonstration in
1997 (mandated by ISTEA), a prototype

Advanced Vehicles
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demonstration in 2001, and a complete sys-
tem specification and supporting documen-
tation for the selected AHS configurationin
2002. The systems definition phase contract
was awarded on October 7, 1994, to the
National Automated Highway System
Consortium (NAHSC) led by General
Motors. The NAHSC consists of teams
from Bechtel, Caltrans, Carnegie Mellon
University, Delco Electronics, General
Motors, Hughes Aircraft, Lockheed Martin,
Parsons Brinckerhoff, the PATH Program,
and the Mitre Corporation, which represents
the Federal Highway Administration
(FHWA). The seven-and-a-half year con-
tract totals $200 million, with $160 million
from FHWA and $40 million as cost shar-
ing from the core participants. Funding is
approved by Congress on a year-by-year
basis.

The third, or operational evaluation
phase, will operationally evaluate one or
more AHS implementations, with public
participation. To be successful, the AHS
must address and adequately resolve such
issues as surface street capacity and grid-
lock. Simply adding a new source of vehi-
clesto aready overcrowded urban areasis
not an acceptable alternative. Consortium
teams are already working to include such
items as full coordination with local and
regiona traffic management and planning
agencies to insure these problems are dealt
with in a satisfactory manner. The ultimate
solution will include full coordination of all
traffic management strategies.

Caltrans is actively working in
partnership with other state
and federal organizations,
academia and private industry
to research and develop
advanced technologies that
will be applied and demonstrat-
ed on an AHS.
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Cdltrans is fully committed to the AHS
Program and anticipates active involvement
in all three phases.

As a core member of the NAHSC,
Cadltrans has the unique privilege of repre-
senting the state and local highway opera-
tors stakeholder group. Additionally,
Caltrans has the lead role for the consor-
tium’stest and demonstration activities. To
support thisrole, Caltrans has one full-time
system engineer in the NAHSC Program
Office as the Test and Demonstration
Coordinator. Thisengineer directsall activ-
ities related to testing of vehicles and tech-
nologies, the selection of al test facilities,
and the planning and execution of the 1997
Proof of Feasibility Demonstration.

Caltrans participation in the NAHSC
includes ten full-time staff engineers work-
ing on the various teams and tasks. The test
and demonstration team is working to
develop the 1-15 reversible HOV lanesin
San Diego as the site for the 1997 demon-
stration. Caltransisthe lead partner for this
activity and heads all tasks related to tests
and demonstrations, both from the New
Technology and Research Program and
from the NAHSC Program Office. Bringing
the 1997 demonstration to California will
provide an ideal “real world” facility for
this demonstration, not just a closed loop
“test track.” Using this facility will alow
for needed testing of advanced lateral and
longitudinal control in areal world envi-
ronment, and will accommodate ongoing
testing as the state of the art develops.

Caltrans also has major roles on the
System Engineering; Canvassing and
QOutreach; Societal and Institutional 1ssues;
Technology Assessment; Concept Devel op-
ment, and Business teams. Caltrans involve-
ment on the Societal and Ingtitutional issues
teamis particularly critical to insure proper
assessment and development of the plansto
address legal, environmental, land use,
growth, and traffic management issues.

In addition to the full-time staff person-
nel in the New Technology and Research
Program, Caltrans is drawing upon exper-
tise from Traffic Operations, Central
Design, and District 11 to perform various
tasks. Of particular importance are the
Caltrans District 11 personnel directly
involved in the day-to-day operation of the
[-15 HOV facility.
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High-Speed Ground

The California passenger rail
situation poses a unique chal-
lenge for locomotive and sys-
tem designers. The general topog-
raphy of the state consists of a series of
valleys ringed by mountainous terrain.
While high speed is needed, because inter-
city distances are great, especialy along the
San Francisco-Los Angeles line, the loco-
motive must also be able to climb. The
Tehachapi “grapevine” section north of Los
Angeles poses a challenge to any high/super-
speed ground system. To avoid costly tun-
nels or time-consuming route circuity, it is
preferable that the locomotive devel oped
could climb five percent, or possibly greater,
grades.

Existing high-speed rail systems are capa
ble of traversing five percent grades with
minor modifications to existing power units,
but climbing gradesin excess of five percent
would require development of new kinds of
locomotives and/or related systems. By con-

ducting research and development, thereisa
good possibility that California products
could be used. The recommended process-
es would result in creating new California
High-Speed Ground Transportation (HSGT)
suppliers while generating many blue- and
white-collar high tech job opportunities.
Once tested and proven, California-built
equipment could be operating on selected
California high-speed ground transportation
corridors, aswell asin corridors nationwide
and internationally.

Advanced Vehicles

Alternative Vehicles - Scope

127



Caltrans — Advanced Transportation Systems Program — THE FIVE-YEAR PROGRAM

Advanced Vehicles

Alternative Vehicles - Scope

128

Air Transportation

Air transportation is another el ement of the
ATS Program. The need for improvements
in the air transportation systems in
California and elsewhere is widely recog-
nized. Deregulation has resulted in many
changes in the transportation system, includ-
ing shiftsin traffic between modes, changing
patterns of service, and increased dominance
by mgjor carriers. Many transportation prob-
lems and challenges are evident, such as
deteriorating and inefficient ground access,
inadequate system capacity, increasing con-
gestion, international competition, lack of
public and private sector response to prob-
lems, environmental impacts, dependence
on imported fuels, economic opportunity
losses, and a lack of an overall systems
analysis approach. While at the same time,
these changes and the need to respond to the
growing problems create opportunities for
technological innovation.

To effectively utilize new developments
and respond to future opportunities, the ATS
Program established a collaborative Air
Transportation Research Center (ATRC) at

the University of California's Institute for
Transportation Studies, at Berkeley. The
combined strengths of Caltrans and the uni-
versity permit a coordinated systems
approach to air transportation problems. The
ATRC is a cooperative activity to enhance
Cdltrans role in aviation and the mitigation
of aviation related congestion. An additiona
purpose of the ATRC isto bring together part-
nersto leverage private and public funds. The
ATRC has addressed complex air transporta
tion issues needed to make decisions, such
as improving the management of ground
access and intermodal transfers, increasing
passenger and freight air travel, improving
air quality, and facilitating economic devel-
opment.

Astheair transportation system continues
to change, the ATRC agenda changes withiit.
Growth in air treffic is leading to increasing
levels of congestion and delay. Extensive
efforts are al'so being made on the land side
of airport operationsto utilize new commu-
nication and information technologies that
will assist travelers, as well as managers of
the airport facilities.

New aircraft types and concepts are
being proposed, and extensive efforts are
being made to increase the level s of automa-
tion in the air traffic control system and uti-
lize new sensor, guidance, and communica-
tion technologies. Effective utilization of these
new developments and those to come will
provide Cdtrans an opportunity to expand its
research and development role in air trans-
portation while working cooperatively with
the Federal Aviation Administration, and
NASA-Ames.
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California High-Speed
Ground Transportation

On March 30, 1993, Gov-
ernor Pete Wilson issued
Executive Order W-48-93 es-

tablishing an Intercity High-Speed
Ground Transportation (HSGT) Task Force.
Subsequent to the Governor’s Executive
Order, the Legidature approved SCR (Senate
Concurrent Resolution) 6 (Resolution Chapter
56/93) requesting the Governor to establish
anine-member Intercity High-Speed Ground
Transportation Commission. SCR 6 requests
that Catrans, under the direction of the High-
Speed Ground Transportation Commission,
develop a 20-year high-speed ground trans-
portation plan. SCR 6 also Satesthat by year
2020 a high-speed ground transportation ser-
vice should be operating between Sacramento,
the San Francisco Bay Area, the Los Angeles

area, San Bernardino/Riverside, Orange
County and San Diego. SCR 6 stipulates that
the Los Angeles to San Francisco Bay Area
Corridor shall bethefirst corridor devel oped
and that construction shall begin by 2000.

The department is working to develop
the most feasible and effective plan for
implementing HSGT in California. In con-
cert with the Governor’s Executive Order
and SCR 6, Caltrans selected the Los
Angeles to San Francisco Bay Area
Corridor, with future expansions to San
Diego, Orange County, Sacramento and
Riverside/San Bernardino (Corridor) as its
primary focus. This corridor is one of the
most heavily traveled corridors in the
United States; is considered one of the most
viable candidates for a HSGT system; and
has been designated as one of the five high-
speed rail corridors in the United States by
USDQT.

ISTEA legidation defined research agen-
das for both high-speed rail and maglev in
an attempt to solve intercity transportation
problems and to develop America's capabil-
ity to supply products for possible corridors.
Federd funding was also made available for
selected high potential high-speed corridors.
The San Diego-San Francisco Corridor was
identified as one of five to start the incre-
mental upgrade of existing rail routesto pro-
vide for safe high-speed rail grade crossings.
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Since ISTEA was enacted into law, the
federal government has appropriated less
funding than authorized for the high-speed
rail and maglev programs. The administra-
tion, however, is proposing to create atrans-
portation infrastructure investment program
that would include $1 billion in discre-
tionary funds that states could use for high-
speed rail. USDOT is also recommending
an additional $35 million for high-speed rail
research and development for fiscal year
1995-96 under the Next Generation High-
Speed Rail Program.

Against this background, the California
Intercity High-Speed Rail Commission con-
tinues to examine the feasibility of a high
speed rail system (including the option of
maglev) in California. As part of its exami-
nation, the Commission has authorized the
preparation of four important studies.

Advanced Vehicles

Alternative Vehicles - Project Highlights

They are:

e Corridor Evaluation and Environmental
Constraints Analysis

» Ridership Demand/Market Anaysis

» Economic Impacts Analysis and Mode
Cost Comparison

 Institutional Analysis and Financing
Options Evaluation

The fourth study, Institutional Analysis
and Financing Options will include insight
into proposed federal funding of high-speed
rail programs after 1997. In addition, it
would include models for entering into suc-
cessful public/private partnerships.

The final plan should be completed by
the end of calendar year 1996.
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TRANSPORTATION
MANAGEMENT SYSTEMS

Multimodal Traffic Management
 Incident Management

* Travel Demand Management
 Traffic Control

 Electronic Payment Services
» Public Travel Security

» Emergency Notifications and Personal
Security

Advanced Fleet Management
» Automated Roadside Safety Inspection

 Public Transportation Management
» Commercial Fleet Management
« Commercial Vehicle Preclearance

e Commercial Vehicle Administrative
Processes

» Emergency Vehicle Management

Intermodal Facilities

Transportation
Management Systems is a
package of technologies
that enables the integration
of freeway and surface arte-
rial operations so that trav-

el corridors and areas can
be efficiently managed and
will enhance communica-
tions for commercial vehi-
cle operations.

The milestones, scope of
services, activities and
specific project high-

lights for Transportation
Management Systems
are discussed on the fol-
lowing pages.
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MAJOR PROGRAM MILESTONES

Transportation Management Systems
1993 1994 1995 1996 1997

California
Specification - AVl

Advanced Transit Real-Time
Fleet Management Adaptive Traffic Control

Electronic Toll
Collection
Deployment

“Smart Corridor”
Demonstration

ATMS Test Bed
Established

Multimodal TMC
Demonstration

Demonstration Demonstration

National ITS System

Archi
'ge'l':’;::"e HOV Route Public Travel
Guidance Test Security
Demonstration

Prototype HOV - TMC
Interaction

Emergency
Notification (Mayday)
Demonstration

H.E.L.P.

Implementation

Guidelines for
Navigable Map
Database

1993 | 1994 | 1995 1996 1997

135



Caltrans — Advanced Transportation Systems Program — THE FIVE-YEAR PROGRAM

Transportation Management Systems

Multimodal Traffic Management — Scope
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Transportation Management
Systems - Multimodal
applications can be defined
in these user servicesterms:

¢ Incident Management

Helps officials quickly identify inci-
dents and implement a formalized set
of proceduresto minimize impacts on
the transportation system.
Incident management will also help schedule
or forecast predicted incidents to minimize
impacts. Predicted incidents include road
construction and maintenance, road clo-
sures, and certain severe weather condi-
tions. Verification and response activities
apply to both predicted and unpredicted
incidents once they occur. Incident man-
agement will support the development and
implementation of appropriate response
actions including changing traffic control.
In some cases, where incident management
is closely integrated with other user ser-
vices, automation will improve the speed
and effectiveness of responses.

¢ Travel Demand Management

Supports policies and regulations such
asthe 1990 Clean Air Act.
The act requires employers with over 100
employees in designated areas of severe or
extreme ozone pollution to implement a
travel demand management program. The
concept includes:

 Reducing the number of single-occupancy
vehicles commuting to work;

* Increasing the use of high-occupancy
vehicles for selected user group markets,

» Mitigating the impact of highly polluting
vehicles; and,

» Providing a wide array of mobility
options.

Government and private industry can use
travel demand management dynamically,
depending on congestion and pollution con-
ditions in a given area, at a given time.
Applications include enforcing HOV lane
use, parking control, and road access pric-
ing and prioritization schemes.

¢ Traffic Control

M anages the movement of traffic on

the transportation system.
Traffic control services optimize and coor-
dinate freeway and signalized street opera-
tions with public transportation operations
to balance demand with capacity within the
transportation system. In its more advanced
forms, preferred treatment can be given to
high-occupancy vehicles through traffic sig-
nal and adaptive traffic control.
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¢ Electronic Payment Services

Allows travelers to pay for trans-

portation services with electronic

cardsor tags.
The goal isto provide travelers with a com-
mon electronic payment medium for all
transportation modes and functions includ-
ing tolls, transit fares, and parking. A com-
mon service fee and payment structure,
employing multi-use SmartCards, could
integrate all modes of transportation, includ-
ing roadway pricing options.

¢ Public Travel Security

Createsa secureenvironment for public

transportation patronsand operators.
The automobile separates its passengers
from the surrounding environment and pro-
vides a perception of security and personal
control. Public transportation users must
trust control of their environment to the
operator and local police.

Transportation Management Systems

Multimodal Traffic Management — Scope

¢ Emergency Notification and
Personal Security

Providesimmediate notification of an

incident and immediate request for

assistance.
Emergency notification and persona security
includes two capabilities: driver/personal
security, and automatic collision notification.
Driver and personal security capabilities pro-
vide for user initiated distress signals for
incidents like mechanical breakdowns and
carjackings. The message will include vehi-
cle location and the receiver will send an
acknowledgment signal back to the user.
Automatic collision notification identifies a
collision and automatically sends informa-
tion regarding location, nature, and severity
to emergency personnel.

| TRAFFIC ALERT!
PRERRE TO sTOP (3
ROCKSLIDE AHEA!

STOPPED CAR AHESS

4
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Transportation Management Systems

Multimodal Traffic Management — Activity Charts

Incidemt Managament

Develop Logical System A dibedure for Indd et

Mmgemet &
?g;x:n MM goMR IR Syemm and s sjstem

""" Debe dion )
Repense
& gaton i
Debe kMR Liser reqLére ments for NG dent i
I germi & 2014 sUbsysberms
Ded ITENR (U oAl FeqLine IMRIR s 1 of I d dent
Mam geme ik 20d su s

Deberming Fiysic A Sysbam A dide Ar e for Indd e
mmg«mn%#

Identifyand evakizix data colledtson tedtm ol agy opYons |
-p

Travder based &k%ion [CAl boxes 1d 9 11|

Infr2strvetur ¢ based dex df o

1dentey 20d eahiahe Gt pro cessiny boctm ol ogy oplions |-

311 aalls tirough CADO

Incid ent dek ecti on A gorithims

16ty 2014 rALURR ¢ oML GRio NS b dimol ogy
oplons

Travader b infrastrpue

Infrastruotr e b resp omse cren Espabet

Response @en b disp e hal-Bme L R ARE

Infr sty e tur @ de beck of o 11 st duire pro cessing
staton

Idrify 204 yAUAR ING dent MmN gkion opKoas

Incident resp oflse e vist Ml tow rucks [FSP|

Trafic signA pre<mplon
Rotite traffic xr ound id dent

Deved Aol Pro ¢ of Inadent iba t
asb o il

Incident resp ofise e vist Ty tow rucks [FSP|

FSP YL with re A-Hme communic ¥ on &roing

’NIGMHHM«» .hvlod ik '.’mmﬂwﬁdﬂlr :f:mlr;mlculnmuum

138



Caltrans — Advanced Transportation Systems Program — THE FIVE-YEAR PROGRAM

Transportation Management Systems

Multimodal Traffic Management — Activity Charts

Incident Manageament contd
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Transportation Management Systems

Multimodal Traffic Management — Activity Charts
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Traffic Control

Transportation Management Systems

Multimodal Traffic Management — Activity Charts
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Transportation Management Systems

Multimodal Traffic Management — Activity Charts
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Electronic Payment

Transportation Management Systems

Multimodal Traffic Management — Activity Charts
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Transportation Management Systems

Multimodal Traffic Management — Activity Charts
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Public TrayalSecurity cantd

Transportation Management Systems

Multimodal Traffic Management — Activity Charts
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Transportation Management Systems

Multimodal Traffic Management — Project Highlights

A Transportation Management
Center (TMC) simulator is in
place at California Polytechnic
State University, in San Luis
Obispo

Envimnmental
Zensars

Traffic Sigrals,
Sensrs,
Platoons

Parking

Loeailability,
Resetvation
Swstemn
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Sureillance

Transportation
Management
Systems/Centers

For the past 20 years,

Caltrans has been utilizing
state-of-the-art technology to manage over
750 miles of southern California freeways.
Ramp metering, now commonplace in
many areas of the state, was first imple-
mented in southern Californiain 1970.
Plans, which included a Traffic Operations
Center (TOC), for traffic mitigation for the
1984 Olympics, were developed starting in
1976 and made history in the field of traffic
management. The importance of traffic sur-
veillance in managing traffic was clearly
demonstrated during this monumental
undertaking.

The Los Angeles TOC, the first in the
state, is still its most advanced and has
become a blueprint for those being devel-
oped in major metropolitan areas through-
out California. Formerly TOCs, they are

Traf fic:

Emergency
_-".® - Serviees
2]

Onkboatdd Vehick
Cammunicatian

ﬁ o

A Trawveler
o Infarmation
ety

Goods Mowement

Pubsli: Transit Swstems

now called Transportation Management
Centers (TMCs) because they encompass
so much more than just traffic operations.
TMCs are jointly developed and staffed by
the California Highway Patrol and
Caltrans—thefirst partnership of itskind in
the country.

The next logical step in this progression
is the development of an Intermodal
Transportation Management and Information
System (ITMIS) (see page 192). An ITMIS
is abuilding block for the transportation sys-
tem. There are two major approaches for its
design. In Orange County (Caltrans District
12), efforts are focused on developing adis-
tributed system of centerslinked by communi-
cdionsand data. The new TMC in San Diego
(opened in July 1995) includes the
California Highway Patrol and Caltrans
Maintenance and Operations Communi-
cations Center al in one location. In the
future, the center will include transit and
commercial fleet operators and other local
transportation providers.

Caltrans has aready established a TMC
simulator at California Polytechnic State
University in San Luis Obispo to help train
traffic managers and TMC operators in opti-
ma TMS strategies. Computer-based expert
systems will also help TMC operators han-
dle accidents, hazardous material spills and
other incidents and emergencies, and would
enable automation of routing management
functions now performed by humans. Fiber
optics and satellite communications can
provide the broad bandwidth necessary for
video image and high volume data trans-
mission from field to control center, and
among control centers (state and local).



Caltrans — Advanced Transportation Systems Program — THE FIVE-YEAR PROGRAM

Transportation Management Systems

Advanced Fleet Management — Scope

Advanced Fleet Manage-
ment applications can be
defined in the following
user services terms:

e Automated Roadside
Safety Inspection

Focuses on improving safety in all

commer cial vehicle operations.
Automated roadside safety inspections
include roadside accessto records of carriers,
vehicles, and driver safety. Such convenient
and thorough access will be helpful in
determining what should be checked and
how to maximize resources spent on safe-
ty. Advanced diagnostics will efficiently
check critical vehicle systems and driver fit-
ness for duty.

These capabilities will provide safer,
more efficient, and more accurate inspec-
tion of commercial vehicles. Enforcement
personnel will have access to important
safety information and records for all com-
mercial vehicles. Automated inspections
could provide pass/fail assessments of crit-
ical systems, as well as expected life pro-
jections. Carriers could also apply rapid
automated safety checksin their preventive
mai ntenance programs.

¢ Public Transportation
Management

Automates oper ations, planning, and

management functions.
Computer analysis of real-time vehicle and
facility status will improve operations and
maintenance. The analysisidentifies devia-
tions from schedule and provides potential
solutions to dispatchers and drivers.
Integrating this capability with traffic con-
trol services can help maintain transporta-
tion schedules and assure transfer connec-
tions in intermodal transportation.
Automated planning and scheduling capa-
bilitieswill use archived datafor analyzing
trends. Information regarding passenger
loading, bus running times, and mileage
accumulated can be applied to route and
service improvement. Automatically record-
ing and verifying performed tasks will help
with personnel management.

e Commercial Fleet Management

Provides the same capabilities and

performs the same functionsin the

commercial goods movement area as

in public transportation management.
Technological advances in public trans-
portation management are directly applicable
to commercial vehicles providing goods
movement. Caltrans is heavily involved in
promoting advanced technol ogies that facil-
itate improved fleet operations. Currently,
there is aresearch project to determine the
most appropriate role for government in fur-
thering fleet management services and their
applications for improving intermodal
transfers.

Caltrans and the CHP will

continue development

efforts in these areas and
will collaborate with com-
panies that transport goods
in developing new trans-

portation systems.
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e Commercial Vehicle Preclearance

Facilitates domestic and inter national

border preclearance, minimizing

stops.
This user service provides for point to point
non-stop operation while satisfying regula-
tory reguirements such as the issuance of
licenses and permits, record keeping, tax
collections, and inspection and weighing
across multiple jurisdictions, including
domestic and international borders.

e Commercial Vehicle
Administrative Processes

Provides electronic purchasing of cre-

dentials and automated mileage and

fuel reporting.
Electronically purchasing credentials gives
carriers the option to select and purchase
annual and temporary credentials via com-
puter link with the appropriate jurisdictions.
Automatic deductions from the carrier’s
account with ajurisdiction will aso stream-
line processing. Thereis apotential for syn-
ergy with commercial vehicle preclearance
services.

For registration and auditing purposes,
carriers maintain accurate mileage and vehi-
cle information for every trip. Automating
this procedure with the commercial vehicle
administrative processes service enables
participating interstate carriers to el ectroni-
cally capture mileage, fuel purchase, trip,
and vehicle data by state. Electronic logs
eliminate the need to manually prepare
quarterly reports for fuel taxes and annual
reports for registration.

e Emergency Vehicle Management

Reduces the time it takes to respond

to incident notification and arrive on

the scene.
This user service is closely related to the
hazardous material incident management
user service, within the commercial vehicle
operations category. Primary users include
police, fire and medical units. The service
comprises three capabilities: fleet manage-
ment, route guidance, and signal priority.
Fleet management will improve the display
of emergency vehicle locations and help
dispatchers efficiently send the unit that can
most quickly reach an incident site. Route
guidance directs emergency vehicles; sig-
nal priority clearstraffic signals on an emer-
gency vehicle'sroute.
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H.E.L.P. Project

The Heavy Vehicle Electronic

License Plate Program
(H.E.L.P) isamultistate, multi-
national research effort to design
and test an integrated heavy vehicle moni-
toring system. Using Automatic Vehicle
Identification (AVI), Automatic Vehicle
Classification (AVC) and Weigh-In-Mation
(WIM) technology, the H.E.L .P. project per-
mits trucks to bypass ports of entry and weigh
stations by providing automated credential
verifications of registrations, fuel tax, safe-
ty, oversize and overweight permitting, and

acentral databasefor fleet information and
management. It is expected to be complet-
ed in 1996, when it will include preclearance
stesinten states. H.E.L.P. facilitiesare being
installed in Californiaon I-5 and I-10, and
are proposed in several other areas, includ-
ing 1-880 in the San Francisco Bay Area.

Continuous  two-way wide
area communications  and
fleet management across
California andthe U.S.
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Connectivity of the vari-
ous modes for people and
goods movement can be
enhanced through terminal
facilitieswhere travelers can trans-

fer from one mode to the other with a mini-
mum of discomfort or where goods can be
efficiently moved from one mode to another.

Approaches that will assist with inter-
modal connectivity are:
» Bringing bus stops, with easily under-
stood signage, close to the disembarka-
tion areas of planes and trains;

» Bringing trainsinto air terminalsto facil-
itate transfers of passengers and baggage
from one mode to the other;

» Establishing safe bicycle storage facili-
ties at transfer pointsfor cycliststo trans-
fer to buses, trains or planes;

» Designating routes on the National
Highway System to be “Freight Cor-
ridors’ to establish design, construction,
and maintenance priorities; and, to reduce
congestion; and,

» Working at the national level, with pub-
lic and private organizations, to design
programs and secure funding for the
advancement of intermodalism as an
equal partner in the transportation fabric
of Californiaand the United States.

Transportation Management Systems

Work to redesign, improve the technolo-
gy and automate California ports and termi-
nals will be required to realize the full ben-
efits of the ATS highway, rail, waterway and
airway infrastructure. Application of ATS at
the transfer point (“interfaces’) will increase
the efficiency and effectiveness of inter-
modalism for both passengers and goods.

Cdlifornia's extensive port (air/waterway)
and waterway system could benefit greatly
from the same ATS technol ogies and coor-
dination being applied to other ground sys-
tems. Among the benefits would be
improved ground access and maximized
efficiency of the “landbridge” across the
state and the North American continent
(movement of goods inland from seaports
and across the continental United States).
Examples of applicable technologies are:

» Ship collision avoidance, such asin low
visibility areas using digital maps, global
positioning systems, computers and wire-
less communications;

» Vessel routing, tracking and scheduling;
» Vessel fithess monitoring;
» Automated cargo monitoring; and,

» Next-generation port/intermodal transfer
facilities.

Intermodal Facilities — Scope
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In March 1994, ITS

America’'s Coordinating

Council established a new
task force to investigate
including other modes of trans-
portation (rail, air, sea) into an integrated,
effective, intermodal transportation system.
Caltrans was involved in an Intermodalism
Conference late in 1994, to discuss
research, development, and demonstration
agendas; new initiatives; and, the future
direction of “Intermodalism.”

Application of information and commu-
nication technol ogies to the interfaces (e.g.,
terminals) of modal exchange will increase
efficiencies, resulting in lower costs and
improved safety. This scenario would be
especially true in the goods movement area
when coupled with management system and
logistics planning. With respect to passen-
ger systems, improvement at the interfaces
will aso increase the attractiveness of using
public transportation.

Transportation Management Systems

Intermodal Facilities — Project Highlights

Projects being sponsored to encourage
intermodal transportation usage by the public
will include * off-airport terminals’ construc-
tion, operation and evaluation to provide
congestion relief at airports; studies and rec-
ommendations to extend rail facilities into
or closer to air terminals to encourage use
of alternate modes of transportation; and,
studies to determine ways to lessen the
impact of port side operations that affect
truck usage of adjacent roads and highways.
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The rural transportation pro-
gram focuses on the trans-
portation concerns of rural
California to assure the
appropriate application of
advanced transportation
technologies to rural trans-
portation problems.

The milestones, scope of
services, activities and
project highlights for

Rural Transportation are
discussed on the follow-

ing pages.
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Rural Transportation

1993

1993

1994

1994

1995

Establish
Research Agenda

1995

1996

1996

MAJOR PROGRAM MILESTONES

1997

1997

1998

Conduct Demo in
Priority Corridor

1998
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Increased interest in rural trans-
portation issuesin the new tech-
nology/intelligent transportation
systems arena is a fairly recent

development. Because federal, state and
local officials have been overwhelmed by
the problems plaguing urban transportation,
such as traffic congestion, and related air
guality, noise and energy issues, little time,
or resources have been devoted to rural
transportation issues.

Two-lane rural highways are the back-
bone of the rural transportation network.
These roads carry local traffic, as well as
commercia vehicles, transit vehicles,
school buses, and recreation and commuter
traffic. Additionally, there is a system of
multi-lane divided highways that serve met-
ropolitan centers and traverse rural areas.
Like urban transportation, rural transporta-
tion is aso concerned with air quality con-
trol and energy conservation. While the pri-
mary focus of urban transportation may be
traffic congestion, the primary focus of rura

transportation technology is safety.

In 1992, the Caltrans New Technology
and Research Program embarked on are-
search study, the “ Program for Advancing
Rural Transportation Technology” (PARTT).
The purpose of PARTT isto focus proper at-
tention on the transportation concerns of
rural California and to assure the appropri-
ate application of advanced transportation
technology to rural transportation problems.

Directly attributed to this research study
are the following successful results:

» Thefirst nationa discussion on advanced
rural transportation technology in the sec-
ond draft of the “ITS America Strategic
Plan” (January 1992);

» Establishment of an ITS America Com-
mittee to deal specifically with rural trans-
portation technology concerns (ITS
America Advanced Rural Transportation
Committee, April 1992);

» Thefirst rural transportation technol ogy
conference sponsored by Caltrans (Redding,
California, September 1992); and,

» The Western Transportation Institute
(WTI) established in 1994.

In addition, with ITS America, the WTI
and other partners, Catranswill help estab-
lish a formal rural technology research
agenda.
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Rural Transps rbation

Rural Transportation
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The Western Trans-
portation Institute —
A Western Center for
Rural Transportation
Excellence

The Western Transportation Ingtitute (WTI)
was established in 1994, to pursue research
and education in Intelligent Transportation
Systems (ITS) and other rural transportation
matters. WTI maintains close tieswith other
ITS programs nationally, including PATH.

WTI is aso affiliated with many nation-
al ITS programs and organizations includ-
ing the NAHSC, the Nationa ITS System
Architecture Program and ITS America.
WTI, with participation from government,
industry and academia, is currently working
to establish anational I TS rural priority cor-
ridor for demonstration and deployment of
promising rural transportation technol ogy.
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INFRASTRUCTURE CONSTRUCTION
AND MAINTENANCE

Roadway Maintenance and
Construction Technology

» Roadside Maintenance and
Construction Technology

» Sructure Maintenance and
Construction Technology

» Wbrkzone Safety Enhancements

o | TSYAHS Reated Infrastructure
Maintenance and Construction

Infrastructure Construction
and Maintenance is a program
that employs technological
developments, such as
automation and robotics, to
develop products and process-
es that improve the efficiency
and safety of traditional high-
way construction and mainte-
nance operations.

The milestones, scope of ser-
vices, activities and specific
project highlights for

Infrastructure Construction
and Maintenance are dis-
cussed on the following pages.
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MAJOR PROGRAM MILESTONES

Infrastructure Construction/Maintenance
1993 1994 1995 1996 1997 1998

Longitudinal Crack
Sealing

Laser Removal
of Graffiti

Smart Herbicide
Applicator Prototype HAZMAT
Litter Bag Vehicle System

Removal

Automated Safety
Cone Placement
and Pickup

Heavy Equipment
Operations

Robotic
Photogrammetry
Marking

Robotic System for
Sign Stenciling

Robotic Sensor
Installation

1993 | 1994 | 1995 | 1996 1997
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Current efforts by the
Advanced Highway Main-
tenance and Construction
W Technology (AHMCT) Center
include the development of tech-
nologies such as external sensing systems,
manipulation systems, control and coordina-
tion systems, communication systems, mate-
rial storage and retrieval systems, mobility
systems, and human-machine interfaces.
These technologies are critical to the devel-
opment of automated or robotic equipment
intended for transportation maintenance and
construction.

The jointly staffed University of
Cdlifornia, Davis/Caltrans AHMCT Center
has devel oped expertise in these areas; hasan
understanding of current and emerging robotic
and automation technology and has specifi-
cally researched future trends in technology
applicable to automation of construction and
mai ntenance tasks.

e Roadway Maintenance and
Construction Technology

Of prime importanceto Catransisthe effective
maintenance of road surfaces and pavement
delinegtions in the form of lane striping, pave-
ment markers and pavement and roadside sig-
nage. Efforts are underway to introduce
automation and robotic technology to conven-
tionally slow, labor intensive and potentially

unsafe operations. Examples of activities
under investigation include: sedling pavement
cracks; painting pavement markings, includ-
ing survey premarks; and, placing raised
pavement markers on the pavement at pre-
vailing speeds. These technologicd advances
will eliminate the exposure of maintenance
personnel to moving vehicles and have the
potentia to transform a static lane closureinto
amoving operation.

¢ Roadside Maintenance and
Construction Technology

Caltransis responsible for maintaining the
roadside right-of-way, including landscape
management, refuse and graffiti cleanup,
and removal of hazardous materials.
Landscape maintenance efforts are
designed to limit employee exposure to the
dangers of moving vehicles while perform-
ing landscape maintenance operations.
Research is also aimed at substantially
reducing water and herbicide usage and
developing landscape vegetation suited to
reduced maintenance and watering.
Innovations in the areas of litter pickup
equipment, remote landscape management
systems, graffiti removal and prevention,
and rapid and remote hazardous material
spill identification and remediation are
being researched. These developments will
ultimately reduce employee exposure to high-
ly toxic materials and reduce the time neces-
sary for lane closures occurring during
landscape maintenance operations.
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¢ Structure Maintenance and
Construction Technology

The development of methods and equipment
for rapid and remote inspection of bridge
components and other structures is critical
to maintaining the safe condition of a dete-
riorating transportation infrastructure. The
nation’s large inventory of aging elevated
structures mandates frequent and detailed
inspections using equipment of increasing
sophistication. Efforts in this area focus on
the devel opment of products that will alow
remote inspection of structural facilities,
while reducing human risk and improving
efficiency.

e Workzone Safety Enhancement

A wide variety of devices and processes has
been developed to enhance the safety of
field workers, including such products as
hard hats, highly visible garments, safety
cones, equipment backup signaling, and
lane closure procedures. These and many
other products and procedures have been
adopted by the construction industry with
life-saving success. Products continue to be
developed at a rapid pace, as the desire to
improve workzone safety continues.
Recently, many products, such as workzone
intrusion warning systems, vehicle sensors
to prevent equipment or equipment/human
collisions, and garment sensors used to alert
workers of the approach of heavy equip-
ment, have become sophisticated through
the advent of the computer and sensor rev-
olution. While research in other areasis
directed towards eliminating the necessity

Infrastructure Construction & Maintenance

for workers to be exposed on the roadway,
the mission of workzone safety research at
the AHMCT Center is to substantially
increase the safety of workers both on and
off the roadway.

¢ ITS/AHS Related Infrastructure
Maintenance and Construction

As more technologically advanced trans-
portation systems are implemented, con-
struction and maintenance operations will
become more complex. ITS construction
and maintenance will require accurate
equipment positioning, frequent testing,
and rapid repair of control and communi-
cation instrumentation. Such achievements
will be critical to automated transportation
systems. Recent advances in design for
automated assembly, manufacturability, and
life cycle, have sanctioned the evaluation
and devel opment of new concepts for auto-
mated construction and maintenance of a
demanding I TS infrastructure.

Scope
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Infrastructure Construction & Maintenance

Activity Charts
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The following AHMCT

projects show the most
immediate potential for
commer cialization or exten-
sivefield prototype operation:

Crack Sealing Machine

The Automated Crack Sealing Machine
(ACSM) isasdf-contained prototype vehicle
for automatic identification, preparation,
and sealing of roadway cracks—a conven-
tionally dangerous, slow, and labor-inten-
sive operation. This vehicle will increase
the efficiency of crack sealing and enhance
the safety of maintenance workers and the
traveling public, as well as reduce the time
necessary for lane closures.

The vehicle is equipped with a vision
system, a robot positioning system, and
computer and mechanical support systems.
During automated operation, the vision
sensing system detects the position of
cracks, including their orientation, while the
relative position of the vehicle is continu-
ously monitored by a dead-reckoning sys-
tem. The crack data is buffered and
processed by modules which determine the
order of cracksto be sealed as they become
accessible in the sealing workspace and
positions the robotic arm with a custom
sealant head along the calculated crack
positions. The sealant head, custom
designed to fill and seal any size crack
according to standard specifications, is so
innovative that interest from maintenance
and industry personnel has encouraged
accelerated effortsto commercializeit asan
independent material delivery module.

A longitudinal crack sealing vehicle has
been devel oped to seal only the continuous
pavement joints along lanes. The quick-
moving vehicle uses the same custom

Infrastructure Construction & Maintenance

Project Highlights

sealant head as the general crack sealing
machine, and has been tested in Caltrans
District 2 (Redding), District 3 (Marysville)
and District 11 (San Diego).

Robotic System for Sign Stenciling

Thetraditional method of stencilingisavery
slow, labor-intensive operation that requires
manua placement of a stencil and paint, ex-
posing maintenance workers and the travel -
ing public to hazards. The goa of the new
stenciling system is to improve the safety,
reliability and efficiency of the roadway sign
stenciling operation through the application
of automation and robotic technologies. The
first prototype resulting from this project fo-
cuses on the stenciling of survey premarks
for photogrammetry. Using the automated
stenciling system, a single operator can ac-
curately complete the painting operation
from within the cab of the maintenance ve-
hiclein afraction of the half-day-per-mile
required by the traditional four-person sur-
vey crew. By eliminating or reducing the ex-
posure of workersto traffic, the safety, speed,
and efficiency of the stenciling operation is
significantly improved.

Crack sealing machine prototype testing, District 3 (Marysville)
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Project Highlights

TAMER equipment in operation. Both of the methods shown, the backpack unit and
stationary console, are available for remote operation.

Remote-Control Heavy Equipment

Heavy equipment such as crawler tractors,
dozers, and loaders, are often used in haz-
ardous situations such as clearing avalanch-
es, landslides, and snow, as well as clean-
ing up hazardous materials. The respective
equipment operators are by necessity
exposed to this high-risk, unstable environ-
ment. Remote controlled capability permits
the operator to control the equipment from a
safe distance when the conventional opera-
tion is deemed dangerous. The remote dis-
tance for reliable operation is 488 meters
(1600 ft).

Teleoperated and Automated Equipment
Robotics (TAMER) technology has most
recently been applied to a Caltrans front-
end loader. It is anticipated that such a
remote-control system could also be adapt-
ed to other existing maintenance and con-
struction egquipment.
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SYSTEMS DEVELOPMENT,
INTEGRATION AND IMPLEMENTATION

Systems Development, Inte-
gration and Implementation
includes Caltrans involvement
in integrated systems design
and operation framework; plan-
ning, programming and envi-
ronmental aspects, as well as
legal and institutional issues
associated with the deploy-
ment of advanced transporta-
tion technologies in California.

The milestones, scope of ser-
vices, activities and specific
project highlights for Systems

Development, Integration and
Implementation are discussed
on the following pages.
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MAJOR PROGRAM MILESTONES

System Development, Integration and Implementation

ATS Coordination ATS Program Plan
Teams Formed National ITS System
Architecture Selected

Southern California
Priority Corridor

Program Start

SACOG Early
Deployment Plans

Priority Corridor Plan
Southern California

ATS Design
Guidelines/Standards

System Architecture
Phase 2

Planning
Methodology

1993 1994 1995 1996 1997 1998
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Systems Development, Integration and Implementation

System Architecture-Scope
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ITS Architecture

Definition
An ITS architecture is a
framework that defines the sys-
tem elements, determines their functions,
and describes how the elements interact
with each other. It describes the system
operation by what data is collected, what
information is distributed, and the means
by which that is accomplished. The frame-
work is presented via charts and diagrams,
along with narratives. The architecture
framework is not a system hardware or
software design and it is not a policy deci-
sion or directive.

System architecture presents the total
perspective to aid in the analysis and
design of the individual ITS parts while
taking into consideration the needs and
constraints of the transportation system as
a whole. Within this context, the objec-
tivesfor the ATS Program areto:

» Define an integrated system design and
operationd framework. The best approach
to designing such aframework isto devel-
op an overall system architecture that will
determine not only the functions of indi-

vidual components, but more important-
ly, their connectivities (design) and inter-
relationships (operation);

* Analyze the system-level aspects that
could create problems or have impacts
on the system as a whole, and not nec-
essarily on its individual parts. Such
problems would apply to system mod-
eling of interconnection/communica-
tions, design, human factors, reliability,
optimization, openness, and full
automation;

» Synthesize and integrate the various
components and subsystems as they are
being developed, produced, and
deployed to insure their connection, the
correction of deficiencies, and elimina-
tion of duplication and unwanted redun-
dancies; and,

» Synchronize research and development,
as well as deployment work across all
programs to ensure efficient use of time
and resources, as well as satisfactory
progress and timely completion of tasks.

The degree to which these objectives
are accomplished determines how timely
and complete the intermodal advanced
transportation system can be, as well as
how efficiently and harmoniously it will
operate.
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Significance of the ITS Architecture

The significance of the ITS architecture
stems from its ability to allow nationwide
deployment of compatible transportation sys-
tems and synergistic transportation services.
The architecture's significance is manifest-
ed by its stated objectives which are:

* Promote nationa compatibility viadeter-
mining and implementing national stan-
dards and protocols for vehicle-to-vehicle
and vehicle-to-infrastructure communi-
cations;

» Facilitate I TS user serviceintegration via
a framework for integrating data collec-
tion, data transmission, information pro-
ng, information dissemination, traffic
control, and intermodal transportation
system functions;

» Accommodate new and evolving user ser-
vices viaa structural framework of basic
building blocks for incorporating
new systems and functions; and,

» Provide regiona, institutional, and
consumer decision-making flexi-
bility inimplementing I TS systems
without weakening the above three
objective benefits.

Systems Development, Integration and Implementation

System Architecture-Project Highlights

Caltrans’ Involvement in the National
System Architecture Program

Caltrans is an active participant in the
Architecture development process to:

 Insure that California traffic congestion
problems and transportation system
needs are well addressed,;

* Influence the design of the national archi-
tecture so it leverages and maximizes the
utilization of California's existing trans-
portation infrastructure, as well as
Cdlifornia’s future plans and investments
in the transportation systems;

* Insure that future transportation systems
in California are designed/deployed to
fit well within the emerging national ITS
architectural framework; and

» Share Caltrans’ experiences with, and

provide expertise to, the FHWA, as well
asto the rest of the states’ DOTSs.

ITS Architecture Considerations
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System Architecture-Activity Charts
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Systems Development, Integration and Implementation

Institutional and Legal Issues - Scope
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For Cdltrans, the scope of
institutional and legal
issues covers planning,
programming and environ-

mental needs, aswell aslegal and
ingtitutional barriers. Caltrans, in coopera-
tion with al levels of government, the pri-
vate sector, academia, and various interest
groups, isworking on several frontsto help
assure timely and responsible deployment
of advanced transportation systems in
California. Examplesinclude:

e Cadltransisworking with its partners to
establish regional teams throughout the
state to coordinate ATS programs and
activities and help facilitate ATS
deployment;

» Cadltrans, in cooperation with local and
regional agencies, is preparing the
Southern California Priority Corridor Plan
as provided for in ISTEA to showcase
ITS technologies in Southern Cdifornia
(see Project Highlights); and,

e Caltrans, in cooperation with ITS
America and the Federal Highway
Administration, co-sponsored a policy
conference on air quality in June 1994.
Thiswas the third conference in a series
addressing the relationship of ITSto air
quality.

Cdltrans is considering state policy and
legidative initiatives that will support ATS
and related economic endeavors such as:

» Streamlined partnering arrangements for
the program

» Non-profit corporation for ATS com-
mercialization

e Grantsand loansfor ATS innovations by
small businesses

» Liability containment for ATS research
and testing in California

* Regulation-free test zone for telecom-
munication technologies

» AVI procurementsfor public fleet vehicles

* Privacy protection in ATS deployment

The five-year activity charts for these
and other activities provide the ingtitutional
base for ultimate deployment of advanced
transportation systems, products, policies
and services.
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A Showcase of ITS
Technologies and
Stakeholder Cooperation

The Southern California Priority

Corridor, one of four corridorsidentified
in the nation, isto be a showcase for the de-
ployment of intelligent transportation sys-
tems (ITS). Southern Californiais a major
destination for international travel and goods
movement. Travelers and goods flow to and
through the corridor from Asia, Mexico,
Centra America, South Americaand Europe
to destinations in Southern California and
therest of the nation. It iscritical, therefore,
that the transportation system supports the
smooth flow of people and goods through
the most populated areain the state.

The four major efforts occurring in the
corridor are:

* AnIntermodal Transportation Manage-
ment and Information System (ITMIS)
Showcase Project;

* Five Smaller-scale Field
Operational Tests;

e An ATMS Testbed; and,

* A Long-RangelTS Strategic
Deployment Plan.

Animportant component of the showcase
of ITSistheingtitutional cooperation that is
necessary to accomplish these objectives.
The Southern California Priority Corridor
partners have begun to lay a solid founda-
tion by establishing cooperative agreements,
regional teams, and a steering committee to
assure the effective execution of the four ini-
tiatives. Local participation and leadership
will be emphasized in the management of
this effort.

ITMIS Showcase Project

The showcase is a mgjor effort to integrate
intelligent transportation system technolo-
giesinto amodel intermodal transportation
management system. The project will
design, implement, operate and evaluate
ITS user services which provide linking and
optimization of multimodal transportation
systems within the region. The showcase
project will demonstrate an areawide inter-
active/integrated transportation manage-
ment and information system based on real-
time, computer-assisted transportation
management and communications. User
service will include:

» Rea-time information to travelers and
operators,

» Decision/management support to trans-
portation management centers, traffic
engineering/public safety departments
and vehicle fleet operators (public and
commercial); and,

» |nformation/communications network,
linking transportation systems and
modes which are presently uncoupled,
including marine and air.
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Field Operational Tests

Five Field Operations Tests have been fund-
ed by FHWA in the corridor.

* Inthe city of Irvine, an integrated ramp
metering/adaptive signal control project
will evaluate the operational effects of
balancing traffic flow between 1-5/1-405
and the parallel arteria streets. The pro-
ject will a'so demonstrate the effective-
ness of collaborative action on the part
of transportation management agencies
to optimize their strategies to improve
traffic flow.

» The city of Anaheim is testing Split,
Cycle, Offset Optimization Technique
(SCOOQT) as an adaptive signal timing
control package. SCOOT automates the
data collection process and then auto-
matically optimizes traffic signal timing
based on real-time traffic conditions.
Video Traffic Detection System cameras
will be installed and evaluated in con-
junction with the SCOOT system.

» At locations throughout Orange County,
a Mobile Surveillance Field Operations
Test will evaluate the use of a portable
detection and surveillance system for
highway construction, specia events, and
incident locations. Specially-equipped
trailers will be placed at temporary traf-
fic congestion locations. Trailer-mounted
video image detectors will use spread
spectrum radio for transmission of real-
time information to state and local con-
trol centers.

Systems Development, Integration and Implementation

Systems Architecture and Institutional Issues - Project Highlights

» State, regional and local agenciesin San

Diego will take advantage of the exten-
sive call box system to increase their
functionality by adding an interface to
traffic management devices. These
“smart” call boxes will collect traffic
census data; obtain traffic counts, flows
and speeds for accident detection; detect
and report hazardous weather conditions;
control changeable message signs, and
operate roadside closed-circuit television
cameras.

The city of Los Angelesis conducting a
spread spectrum radio traffic intercon-
nect project to evaluate wireless traffic
signal communications. The radios will
be tested in anetwork of signalsto deter-
mine their ability to reliably re-route
communications links, their ability to
work in a variety of geographies, their
ability to provide for large-scale once-
per-second communications, and to
determine the cost-effectiveness of using
this technol ogy.
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Testbed

The Advanced Transportation Management
Systems (ATMS) Testbed is a cooperative
program sponsored by Caltrans, PATH and
local agencies in Orange County to enable
ongoing research, testing and evaluation
activities for development and operation of
integrated multijurisdictional and multi-
modal transportation management systems.
The testbed utilizes existing real-time, com-
puter-assisted traffic and transportation man-
agement systems and PATH labs at the
University of California, Irvine and
Cdlifornia Polytechnic State University, San
L uis Obispo.

The ATMS testbed is intended to:

* Provide an instrumented, multijurisdic-
tional, multiagency transportation opera-
tions environment linked to university lab-
oratories for real-time technologies and
applications. It will enable off-line test-
ing of products and further devel opment
of research prototypes prior to installa-
tion in thefield;

* Provide ameseting ground for practitioners
and researchers to try new approaches to
transportation system management;

 Enable private industry to demonstrate and
evaluate their prototyped technologies
under real-world traffic conditions; and,

» Makeavailable a continua testing ground
for Californiaand national 1TS efforts.

Strategic Deployment Plan

Early deployment planning for intelli-
gent transportation systems in the Priority
Corridor will occur over an 18-month period.
A Strategic Deployment Plan, estimated to
be completed in the summer of 1997, will
address the 29 user services defined by ITS
America as they would apply to the needs
of Southern Cdifornia. The plan will identify
“early starts,” as well as a 20-year plan/
schedule and funding estimates for deploy-
ment of ITS elements. Public participation
is an important element of the plan. To
define the needs of the users of all trans-
portation systems and modes, input will be
solicited from commercial freight operators,
transit operators and travelers.

Start-up activities in the corridor have
already provided an exceptional opportunity
to develop partnerships with stakehol ders.
These include MPOs, state agencies, air
quality management digtricts, cities, counties,
and transit districts. The opportunity to par-
ticipate will continue to expand to include
various modal operators, private industry,
and others.
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tability in state funding that

paralels ISTEA is essentid if
Cdliforniaisto realize the vision
set beforeit. Currently $12.9 million in state
funds is annually budgeted to leverage, in
conformance with AB3096, $20 million in
federal funds and $10 million in cost shar-
ing from Caltrans’ partners.

This baseline budget provides Caltrans
with the minimum state funding necessary to
ensure viable California economic partner-
ships to continue current major program ini-
tiatives in the areas of the Automated
Highway Systems (AHS) Prototype; Priority
Corridor Showcase; Smart Traveler Deploy-
ments (urban); Deployment Planning (urban
and rural); Transportation Management
Systems Testing; and, Automated Highway
Construction and Maintenance.

However, amore aggressive ATS market
approach could have far reaching economic
benefits for Californiain key market areas,
such as: nearer-term vehicle safety products;
multimodal traffic management; advanced
fleet management; and, premium traveler
services packaged for new multimedia and
telecommunications markets.

ATS Program Resource Needs

This market approach requires aggres-
siveinstitutional issues resolution to assure
integrated public/private efforts, coopera-
tive research, development, and testing, sup-
porting technology deploymentsin the pub-
lic infrastructure, and standards
development to accelerate commercializa-
tion. Accordingly, adoption of state policy
and legidative initiatives may be required.

The resource estimates for aggressive
research, development and testing of tech-
nologies on an annual basis are;

o State- $30 million;
» Federa - $20 million; and,
e Partners - $30 million.

Public infrastructure improvements/depl oy-
ments are estimated at $300 to $500 million
from all sources.

A strong commitment to the ATS
Program will further mobility and economic
opportunitiesfor California. The program’s
vision will be realized primarily through
strategic deployment of technologies to the
public transportation infrastructure. Private
sector investment and commercialization
will be necessary. This holds great potential
for establishing new California businesses
ininternational markets and the creation of
jobsfor Californians into the 21st century.
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TRANSPORTATION
MANAGEMENT SYSTEMS

Multimodal Traffic Management
 Incident Management

* Travel Demand Management
 Traffic Control

 Electronic Payment Services
» Public Travel Security

» Emergency Notifications and Personal
Security

Advanced Fleet Management
» Automated Roadside Safety Inspection

 Public Transportation Management
» Commercial Fleet Management
« Commercial Vehicle Preclearance

e Commercial Vehicle Administrative
Processes

» Emergency Vehicle Management

Intermodal Facilities

Transportation
Management Systems is a
package of technologies
that enables the integration
of freeway and surface arte-
rial operations so that trav-

el corridors and areas can
be efficiently managed and
will enhance communica-
tions for commercial vehi-
cle operations.

The milestones, scope of
services, activities and
specific project high-

lights for Transportation
Management Systems
are discussed on the fol-
lowing pages.
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MAJOR PROGRAM MILESTONES

Transportation Management Systems
1993 1994 1995 1996 1997

California
Specification - AVl

Advanced Transit Real-Time
Fleet Management Adaptive Traffic Control

Electronic Toll
Collection
Deployment

“Smart Corridor”
Demonstration

ATMS Test Bed
Established

Multimodal TMC
Demonstration

Demonstration Demonstration

National ITS System

Archi
'ge'l':’;::"e HOV Route Public Travel
Guidance Test Security
Demonstration

Prototype HOV - TMC
Interaction

Emergency
Notification (Mayday)
Demonstration

H.E.L.P.

Implementation

Guidelines for
Navigable Map
Database

1993 | 1994 | 1995 1996 1997
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Transportation Management
Systems - Multimodal
applications can be defined
in these user servicesterms:

¢ Incident Management

Helps officials quickly identify inci-
dents and implement a formalized set
of proceduresto minimize impacts on
the transportation system.
Incident management will also help schedule
or forecast predicted incidents to minimize
impacts. Predicted incidents include road
construction and maintenance, road clo-
sures, and certain severe weather condi-
tions. Verification and response activities
apply to both predicted and unpredicted
incidents once they occur. Incident man-
agement will support the development and
implementation of appropriate response
actions including changing traffic control.
In some cases, where incident management
is closely integrated with other user ser-
vices, automation will improve the speed
and effectiveness of responses.

¢ Travel Demand Management

Supports policies and regulations such
asthe 1990 Clean Air Act.
The act requires employers with over 100
employees in designated areas of severe or
extreme ozone pollution to implement a
travel demand management program. The
concept includes:

 Reducing the number of single-occupancy
vehicles commuting to work;

* Increasing the use of high-occupancy
vehicles for selected user group markets,

» Mitigating the impact of highly polluting
vehicles; and,

» Providing a wide array of mobility
options.

Government and private industry can use
travel demand management dynamically,
depending on congestion and pollution con-
ditions in a given area, at a given time.
Applications include enforcing HOV lane
use, parking control, and road access pric-
ing and prioritization schemes.

¢ Traffic Control

M anages the movement of traffic on

the transportation system.
Traffic control services optimize and coor-
dinate freeway and signalized street opera-
tions with public transportation operations
to balance demand with capacity within the
transportation system. In its more advanced
forms, preferred treatment can be given to
high-occupancy vehicles through traffic sig-
nal and adaptive traffic control.
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¢ Electronic Payment Services

Allows travelers to pay for trans-

portation services with electronic

cardsor tags.
The goal isto provide travelers with a com-
mon electronic payment medium for all
transportation modes and functions includ-
ing tolls, transit fares, and parking. A com-
mon service fee and payment structure,
employing multi-use SmartCards, could
integrate all modes of transportation, includ-
ing roadway pricing options.

¢ Public Travel Security

Createsa secureenvironment for public

transportation patronsand operators.
The automobile separates its passengers
from the surrounding environment and pro-
vides a perception of security and personal
control. Public transportation users must
trust control of their environment to the
operator and local police.

Transportation Management Systems

Multimodal Traffic Management — Scope

¢ Emergency Notification and
Personal Security

Providesimmediate notification of an

incident and immediate request for

assistance.
Emergency notification and persona security
includes two capabilities: driver/personal
security, and automatic collision notification.
Driver and personal security capabilities pro-
vide for user initiated distress signals for
incidents like mechanical breakdowns and
carjackings. The message will include vehi-
cle location and the receiver will send an
acknowledgment signal back to the user.
Automatic collision notification identifies a
collision and automatically sends informa-
tion regarding location, nature, and severity
to emergency personnel.

| TRAFFIC ALERT!
PRERRE TO sTOP (3
ROCKSLIDE AHEA!

STOPPED CAR AHESS

4
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Transportation Management Systems

Multimodal Traffic Management — Activity Charts
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A Transportation Management
Center (TMC) simulator is in
place at California Polytechnic
State University, in San Luis
Obispo

Envimnmental
Zensars

Traffic Sigrals,
Sensrs,
Platoons

Parking

Loeailability,
Resetvation
Swstemn
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Sureillance

Transportation
Management
Systems/Centers

For the past 20 years,

Caltrans has been utilizing
state-of-the-art technology to manage over
750 miles of southern California freeways.
Ramp metering, now commonplace in
many areas of the state, was first imple-
mented in southern Californiain 1970.
Plans, which included a Traffic Operations
Center (TOC), for traffic mitigation for the
1984 Olympics, were developed starting in
1976 and made history in the field of traffic
management. The importance of traffic sur-
veillance in managing traffic was clearly
demonstrated during this monumental
undertaking.

The Los Angeles TOC, the first in the
state, is still its most advanced and has
become a blueprint for those being devel-
oped in major metropolitan areas through-
out California. Formerly TOCs, they are

Traf fic:

Emergency
_-".® - Serviees
2]

Onkboatdd Vehick
Cammunicatian

ﬁ o

A Trawveler
o Infarmation
ety

Goods Mowement

Pubsli: Transit Swstems

now called Transportation Management
Centers (TMCs) because they encompass
so much more than just traffic operations.
TMCs are jointly developed and staffed by
the California Highway Patrol and
Caltrans—thefirst partnership of itskind in
the country.

The next logical step in this progression
is the development of an Intermodal
Transportation Management and Information
System (ITMIS) (see page 192). An ITMIS
is abuilding block for the transportation sys-
tem. There are two major approaches for its
design. In Orange County (Caltrans District
12), efforts are focused on developing adis-
tributed system of centerslinked by communi-
cdionsand data. The new TMC in San Diego
(opened in July 1995) includes the
California Highway Patrol and Caltrans
Maintenance and Operations Communi-
cations Center al in one location. In the
future, the center will include transit and
commercial fleet operators and other local
transportation providers.

Caltrans has aready established a TMC
simulator at California Polytechnic State
University in San Luis Obispo to help train
traffic managers and TMC operators in opti-
ma TMS strategies. Computer-based expert
systems will also help TMC operators han-
dle accidents, hazardous material spills and
other incidents and emergencies, and would
enable automation of routing management
functions now performed by humans. Fiber
optics and satellite communications can
provide the broad bandwidth necessary for
video image and high volume data trans-
mission from field to control center, and
among control centers (state and local).
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Advanced Fleet Manage-
ment applications can be
defined in the following
user services terms:

e Automated Roadside
Safety Inspection

Focuses on improving safety in all

commer cial vehicle operations.
Automated roadside safety inspections
include roadside accessto records of carriers,
vehicles, and driver safety. Such convenient
and thorough access will be helpful in
determining what should be checked and
how to maximize resources spent on safe-
ty. Advanced diagnostics will efficiently
check critical vehicle systems and driver fit-
ness for duty.

These capabilities will provide safer,
more efficient, and more accurate inspec-
tion of commercial vehicles. Enforcement
personnel will have access to important
safety information and records for all com-
mercial vehicles. Automated inspections
could provide pass/fail assessments of crit-
ical systems, as well as expected life pro-
jections. Carriers could also apply rapid
automated safety checksin their preventive
mai ntenance programs.

¢ Public Transportation
Management

Automates oper ations, planning, and

management functions.
Computer analysis of real-time vehicle and
facility status will improve operations and
maintenance. The analysisidentifies devia-
tions from schedule and provides potential
solutions to dispatchers and drivers.
Integrating this capability with traffic con-
trol services can help maintain transporta-
tion schedules and assure transfer connec-
tions in intermodal transportation.
Automated planning and scheduling capa-
bilitieswill use archived datafor analyzing
trends. Information regarding passenger
loading, bus running times, and mileage
accumulated can be applied to route and
service improvement. Automatically record-
ing and verifying performed tasks will help
with personnel management.

e Commercial Fleet Management

Provides the same capabilities and

performs the same functionsin the

commercial goods movement area as

in public transportation management.
Technological advances in public trans-
portation management are directly applicable
to commercial vehicles providing goods
movement. Caltrans is heavily involved in
promoting advanced technol ogies that facil-
itate improved fleet operations. Currently,
there is aresearch project to determine the
most appropriate role for government in fur-
thering fleet management services and their
applications for improving intermodal
transfers.

Caltrans and the CHP will

continue development

efforts in these areas and
will collaborate with com-
panies that transport goods
in developing new trans-

portation systems.
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e Commercial Vehicle Preclearance

Facilitates domestic and inter national

border preclearance, minimizing

stops.
This user service provides for point to point
non-stop operation while satisfying regula-
tory reguirements such as the issuance of
licenses and permits, record keeping, tax
collections, and inspection and weighing
across multiple jurisdictions, including
domestic and international borders.

e Commercial Vehicle
Administrative Processes

Provides electronic purchasing of cre-

dentials and automated mileage and

fuel reporting.
Electronically purchasing credentials gives
carriers the option to select and purchase
annual and temporary credentials via com-
puter link with the appropriate jurisdictions.
Automatic deductions from the carrier’s
account with ajurisdiction will aso stream-
line processing. Thereis apotential for syn-
ergy with commercial vehicle preclearance
services.

For registration and auditing purposes,
carriers maintain accurate mileage and vehi-
cle information for every trip. Automating
this procedure with the commercial vehicle
administrative processes service enables
participating interstate carriers to el ectroni-
cally capture mileage, fuel purchase, trip,
and vehicle data by state. Electronic logs
eliminate the need to manually prepare
quarterly reports for fuel taxes and annual
reports for registration.

e Emergency Vehicle Management

Reduces the time it takes to respond

to incident notification and arrive on

the scene.
This user service is closely related to the
hazardous material incident management
user service, within the commercial vehicle
operations category. Primary users include
police, fire and medical units. The service
comprises three capabilities: fleet manage-
ment, route guidance, and signal priority.
Fleet management will improve the display
of emergency vehicle locations and help
dispatchers efficiently send the unit that can
most quickly reach an incident site. Route
guidance directs emergency vehicles; sig-
nal priority clearstraffic signals on an emer-
gency vehicle'sroute.
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H.E.L.P. Project

The Heavy Vehicle Electronic

License Plate Program
(H.E.L.P) isamultistate, multi-
national research effort to design
and test an integrated heavy vehicle moni-
toring system. Using Automatic Vehicle
Identification (AVI), Automatic Vehicle
Classification (AVC) and Weigh-In-Mation
(WIM) technology, the H.E.L .P. project per-
mits trucks to bypass ports of entry and weigh
stations by providing automated credential
verifications of registrations, fuel tax, safe-
ty, oversize and overweight permitting, and

acentral databasefor fleet information and
management. It is expected to be complet-
ed in 1996, when it will include preclearance
stesinten states. H.E.L.P. facilitiesare being
installed in Californiaon I-5 and I-10, and
are proposed in several other areas, includ-
ing 1-880 in the San Francisco Bay Area.

Continuous  two-way wide
area communications  and
fleet management across
California andthe U.S.
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Connectivity of the vari-
ous modes for people and
goods movement can be
enhanced through terminal
facilitieswhere travelers can trans-

fer from one mode to the other with a mini-
mum of discomfort or where goods can be
efficiently moved from one mode to another.

Approaches that will assist with inter-
modal connectivity are:
» Bringing bus stops, with easily under-
stood signage, close to the disembarka-
tion areas of planes and trains;

» Bringing trainsinto air terminalsto facil-
itate transfers of passengers and baggage
from one mode to the other;

» Establishing safe bicycle storage facili-
ties at transfer pointsfor cycliststo trans-
fer to buses, trains or planes;

» Designating routes on the National
Highway System to be “Freight Cor-
ridors’ to establish design, construction,
and maintenance priorities; and, to reduce
congestion; and,

» Working at the national level, with pub-
lic and private organizations, to design
programs and secure funding for the
advancement of intermodalism as an
equal partner in the transportation fabric
of Californiaand the United States.

Transportation Management Systems

Work to redesign, improve the technolo-
gy and automate California ports and termi-
nals will be required to realize the full ben-
efits of the ATS highway, rail, waterway and
airway infrastructure. Application of ATS at
the transfer point (“interfaces’) will increase
the efficiency and effectiveness of inter-
modalism for both passengers and goods.

Cdlifornia's extensive port (air/waterway)
and waterway system could benefit greatly
from the same ATS technol ogies and coor-
dination being applied to other ground sys-
tems. Among the benefits would be
improved ground access and maximized
efficiency of the “landbridge” across the
state and the North American continent
(movement of goods inland from seaports
and across the continental United States).
Examples of applicable technologies are:

» Ship collision avoidance, such asin low
visibility areas using digital maps, global
positioning systems, computers and wire-
less communications;

» Vessel routing, tracking and scheduling;
» Vessel fithess monitoring;
» Automated cargo monitoring; and,

» Next-generation port/intermodal transfer
facilities.

Intermodal Facilities — Scope
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In March 1994, ITS

America’'s Coordinating

Council established a new
task force to investigate
including other modes of trans-
portation (rail, air, sea) into an integrated,
effective, intermodal transportation system.
Caltrans was involved in an Intermodalism
Conference late in 1994, to discuss
research, development, and demonstration
agendas; new initiatives; and, the future
direction of “Intermodalism.”

Application of information and commu-
nication technol ogies to the interfaces (e.g.,
terminals) of modal exchange will increase
efficiencies, resulting in lower costs and
improved safety. This scenario would be
especially true in the goods movement area
when coupled with management system and
logistics planning. With respect to passen-
ger systems, improvement at the interfaces
will aso increase the attractiveness of using
public transportation.

Transportation Management Systems

Intermodal Facilities — Project Highlights

Projects being sponsored to encourage
intermodal transportation usage by the public
will include * off-airport terminals’ construc-
tion, operation and evaluation to provide
congestion relief at airports; studies and rec-
ommendations to extend rail facilities into
or closer to air terminals to encourage use
of alternate modes of transportation; and,
studies to determine ways to lessen the
impact of port side operations that affect
truck usage of adjacent roads and highways.
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The rural transportation pro-
gram focuses on the trans-
portation concerns of rural
California to assure the
appropriate application of
advanced transportation
technologies to rural trans-
portation problems.

The milestones, scope of
services, activities and
project highlights for

Rural Transportation are
discussed on the follow-

ing pages.
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Rural Transportation

1993

1993

1994

1994

1995

Establish
Research Agenda

1995

1996

1996

MAJOR PROGRAM MILESTONES

1997

1997

1998

Conduct Demo in
Priority Corridor

1998
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Scope
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Increased interest in rural trans-
portation issuesin the new tech-
nology/intelligent transportation
systems arena is a fairly recent

development. Because federal, state and
local officials have been overwhelmed by
the problems plaguing urban transportation,
such as traffic congestion, and related air
guality, noise and energy issues, little time,
or resources have been devoted to rural
transportation issues.

Two-lane rural highways are the back-
bone of the rural transportation network.
These roads carry local traffic, as well as
commercia vehicles, transit vehicles,
school buses, and recreation and commuter
traffic. Additionally, there is a system of
multi-lane divided highways that serve met-
ropolitan centers and traverse rural areas.
Like urban transportation, rural transporta-
tion is aso concerned with air quality con-
trol and energy conservation. While the pri-
mary focus of urban transportation may be
traffic congestion, the primary focus of rura

transportation technology is safety.

In 1992, the Caltrans New Technology
and Research Program embarked on are-
search study, the “ Program for Advancing
Rural Transportation Technology” (PARTT).
The purpose of PARTT isto focus proper at-
tention on the transportation concerns of
rural California and to assure the appropri-
ate application of advanced transportation
technology to rural transportation problems.

Directly attributed to this research study
are the following successful results:

» Thefirst nationa discussion on advanced
rural transportation technology in the sec-
ond draft of the “ITS America Strategic
Plan” (January 1992);

» Establishment of an ITS America Com-
mittee to deal specifically with rural trans-
portation technology concerns (ITS
America Advanced Rural Transportation
Committee, April 1992);

» Thefirst rural transportation technol ogy
conference sponsored by Caltrans (Redding,
California, September 1992); and,

» The Western Transportation Institute
(WTI) established in 1994.

In addition, with ITS America, the WTI
and other partners, Catranswill help estab-
lish a formal rural technology research
agenda.
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Rural Transps rbation

Rural Transportation

Activity Charts
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The Western Trans-
portation Institute —
A Western Center for
Rural Transportation
Excellence

The Western Transportation Ingtitute (WTI)
was established in 1994, to pursue research
and education in Intelligent Transportation
Systems (ITS) and other rural transportation
matters. WTI maintains close tieswith other
ITS programs nationally, including PATH.

WTI is aso affiliated with many nation-
al ITS programs and organizations includ-
ing the NAHSC, the Nationa ITS System
Architecture Program and ITS America.
WTI, with participation from government,
industry and academia, is currently working
to establish anational I TS rural priority cor-
ridor for demonstration and deployment of
promising rural transportation technol ogy.
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INFRASTRUCTURE CONSTRUCTION
AND MAINTENANCE

Roadway Maintenance and
Construction Technology

» Roadside Maintenance and
Construction Technology

» Sructure Maintenance and
Construction Technology

» Wbrkzone Safety Enhancements

o | TSYAHS Reated Infrastructure
Maintenance and Construction

Infrastructure Construction
and Maintenance is a program
that employs technological
developments, such as
automation and robotics, to
develop products and process-
es that improve the efficiency
and safety of traditional high-
way construction and mainte-
nance operations.

The milestones, scope of ser-
vices, activities and specific
project highlights for

Infrastructure Construction
and Maintenance are dis-
cussed on the following pages.
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MAJOR PROGRAM MILESTONES

Infrastructure Construction/Maintenance
1993 1994 1995 1996 1997 1998

Longitudinal Crack
Sealing

Laser Removal
of Graffiti

Smart Herbicide
Applicator Prototype HAZMAT
Litter Bag Vehicle System

Removal

Automated Safety
Cone Placement
and Pickup

Heavy Equipment
Operations

Robotic
Photogrammetry
Marking

Robotic System for
Sign Stenciling

Robotic Sensor
Installation

1993 | 1994 | 1995 | 1996 1997
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Current efforts by the
Advanced Highway Main-
tenance and Construction
W Technology (AHMCT) Center
include the development of tech-
nologies such as external sensing systems,
manipulation systems, control and coordina-
tion systems, communication systems, mate-
rial storage and retrieval systems, mobility
systems, and human-machine interfaces.
These technologies are critical to the devel-
opment of automated or robotic equipment
intended for transportation maintenance and
construction.

The jointly staffed University of
Cdlifornia, Davis/Caltrans AHMCT Center
has devel oped expertise in these areas; hasan
understanding of current and emerging robotic
and automation technology and has specifi-
cally researched future trends in technology
applicable to automation of construction and
mai ntenance tasks.

e Roadway Maintenance and
Construction Technology

Of prime importanceto Catransisthe effective
maintenance of road surfaces and pavement
delinegtions in the form of lane striping, pave-
ment markers and pavement and roadside sig-
nage. Efforts are underway to introduce
automation and robotic technology to conven-
tionally slow, labor intensive and potentially

unsafe operations. Examples of activities
under investigation include: sedling pavement
cracks; painting pavement markings, includ-
ing survey premarks; and, placing raised
pavement markers on the pavement at pre-
vailing speeds. These technologicd advances
will eliminate the exposure of maintenance
personnel to moving vehicles and have the
potentia to transform a static lane closureinto
amoving operation.

¢ Roadside Maintenance and
Construction Technology

Caltransis responsible for maintaining the
roadside right-of-way, including landscape
management, refuse and graffiti cleanup,
and removal of hazardous materials.
Landscape maintenance efforts are
designed to limit employee exposure to the
dangers of moving vehicles while perform-
ing landscape maintenance operations.
Research is also aimed at substantially
reducing water and herbicide usage and
developing landscape vegetation suited to
reduced maintenance and watering.
Innovations in the areas of litter pickup
equipment, remote landscape management
systems, graffiti removal and prevention,
and rapid and remote hazardous material
spill identification and remediation are
being researched. These developments will
ultimately reduce employee exposure to high-
ly toxic materials and reduce the time neces-
sary for lane closures occurring during
landscape maintenance operations.
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¢ Structure Maintenance and
Construction Technology

The development of methods and equipment
for rapid and remote inspection of bridge
components and other structures is critical
to maintaining the safe condition of a dete-
riorating transportation infrastructure. The
nation’s large inventory of aging elevated
structures mandates frequent and detailed
inspections using equipment of increasing
sophistication. Efforts in this area focus on
the devel opment of products that will alow
remote inspection of structural facilities,
while reducing human risk and improving
efficiency.

e Workzone Safety Enhancement

A wide variety of devices and processes has
been developed to enhance the safety of
field workers, including such products as
hard hats, highly visible garments, safety
cones, equipment backup signaling, and
lane closure procedures. These and many
other products and procedures have been
adopted by the construction industry with
life-saving success. Products continue to be
developed at a rapid pace, as the desire to
improve workzone safety continues.
Recently, many products, such as workzone
intrusion warning systems, vehicle sensors
to prevent equipment or equipment/human
collisions, and garment sensors used to alert
workers of the approach of heavy equip-
ment, have become sophisticated through
the advent of the computer and sensor rev-
olution. While research in other areasis
directed towards eliminating the necessity

Infrastructure Construction & Maintenance

for workers to be exposed on the roadway,
the mission of workzone safety research at
the AHMCT Center is to substantially
increase the safety of workers both on and
off the roadway.

¢ ITS/AHS Related Infrastructure
Maintenance and Construction

As more technologically advanced trans-
portation systems are implemented, con-
struction and maintenance operations will
become more complex. ITS construction
and maintenance will require accurate
equipment positioning, frequent testing,
and rapid repair of control and communi-
cation instrumentation. Such achievements
will be critical to automated transportation
systems. Recent advances in design for
automated assembly, manufacturability, and
life cycle, have sanctioned the evaluation
and devel opment of new concepts for auto-
mated construction and maintenance of a
demanding I TS infrastructure.

Scope
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Activity Charts
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The following AHMCT

projects show the most
immediate potential for
commer cialization or exten-
sivefield prototype operation:

Crack Sealing Machine

The Automated Crack Sealing Machine
(ACSM) isasdf-contained prototype vehicle
for automatic identification, preparation,
and sealing of roadway cracks—a conven-
tionally dangerous, slow, and labor-inten-
sive operation. This vehicle will increase
the efficiency of crack sealing and enhance
the safety of maintenance workers and the
traveling public, as well as reduce the time
necessary for lane closures.

The vehicle is equipped with a vision
system, a robot positioning system, and
computer and mechanical support systems.
During automated operation, the vision
sensing system detects the position of
cracks, including their orientation, while the
relative position of the vehicle is continu-
ously monitored by a dead-reckoning sys-
tem. The crack data is buffered and
processed by modules which determine the
order of cracksto be sealed as they become
accessible in the sealing workspace and
positions the robotic arm with a custom
sealant head along the calculated crack
positions. The sealant head, custom
designed to fill and seal any size crack
according to standard specifications, is so
innovative that interest from maintenance
and industry personnel has encouraged
accelerated effortsto commercializeit asan
independent material delivery module.

A longitudinal crack sealing vehicle has
been devel oped to seal only the continuous
pavement joints along lanes. The quick-
moving vehicle uses the same custom

Infrastructure Construction & Maintenance

Project Highlights

sealant head as the general crack sealing
machine, and has been tested in Caltrans
District 2 (Redding), District 3 (Marysville)
and District 11 (San Diego).

Robotic System for Sign Stenciling

Thetraditional method of stencilingisavery
slow, labor-intensive operation that requires
manua placement of a stencil and paint, ex-
posing maintenance workers and the travel -
ing public to hazards. The goa of the new
stenciling system is to improve the safety,
reliability and efficiency of the roadway sign
stenciling operation through the application
of automation and robotic technologies. The
first prototype resulting from this project fo-
cuses on the stenciling of survey premarks
for photogrammetry. Using the automated
stenciling system, a single operator can ac-
curately complete the painting operation
from within the cab of the maintenance ve-
hiclein afraction of the half-day-per-mile
required by the traditional four-person sur-
vey crew. By eliminating or reducing the ex-
posure of workersto traffic, the safety, speed,
and efficiency of the stenciling operation is
significantly improved.

Crack sealing machine prototype testing, District 3 (Marysville)
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Project Highlights

TAMER equipment in operation. Both of the methods shown, the backpack unit and
stationary console, are available for remote operation.

Remote-Control Heavy Equipment

Heavy equipment such as crawler tractors,
dozers, and loaders, are often used in haz-
ardous situations such as clearing avalanch-
es, landslides, and snow, as well as clean-
ing up hazardous materials. The respective
equipment operators are by necessity
exposed to this high-risk, unstable environ-
ment. Remote controlled capability permits
the operator to control the equipment from a
safe distance when the conventional opera-
tion is deemed dangerous. The remote dis-
tance for reliable operation is 488 meters
(1600 ft).

Teleoperated and Automated Equipment
Robotics (TAMER) technology has most
recently been applied to a Caltrans front-
end loader. It is anticipated that such a
remote-control system could also be adapt-
ed to other existing maintenance and con-
struction egquipment.
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SYSTEMS DEVELOPMENT,
INTEGRATION AND IMPLEMENTATION

Systems Development, Inte-
gration and Implementation
includes Caltrans involvement
in integrated systems design
and operation framework; plan-
ning, programming and envi-
ronmental aspects, as well as
legal and institutional issues
associated with the deploy-
ment of advanced transporta-
tion technologies in California.

The milestones, scope of ser-
vices, activities and specific
project highlights for Systems

Development, Integration and
Implementation are discussed
on the following pages.
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MAJOR PROGRAM MILESTONES

System Development, Integration and Implementation

ATS Coordination ATS Program Plan
Teams Formed National ITS System
Architecture Selected

Southern California
Priority Corridor

Program Start

SACOG Early
Deployment Plans

Priority Corridor Plan
Southern California

ATS Design
Guidelines/Standards

System Architecture
Phase 2

Planning
Methodology

1993 1994 1995 1996 1997 1998
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Systems Development, Integration and Implementation

System Architecture-Scope
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ITS Architecture

Definition
An ITS architecture is a
framework that defines the sys-
tem elements, determines their functions,
and describes how the elements interact
with each other. It describes the system
operation by what data is collected, what
information is distributed, and the means
by which that is accomplished. The frame-
work is presented via charts and diagrams,
along with narratives. The architecture
framework is not a system hardware or
software design and it is not a policy deci-
sion or directive.

System architecture presents the total
perspective to aid in the analysis and
design of the individual ITS parts while
taking into consideration the needs and
constraints of the transportation system as
a whole. Within this context, the objec-
tivesfor the ATS Program areto:

» Define an integrated system design and
operationd framework. The best approach
to designing such aframework isto devel-
op an overall system architecture that will
determine not only the functions of indi-

vidual components, but more important-
ly, their connectivities (design) and inter-
relationships (operation);

* Analyze the system-level aspects that
could create problems or have impacts
on the system as a whole, and not nec-
essarily on its individual parts. Such
problems would apply to system mod-
eling of interconnection/communica-
tions, design, human factors, reliability,
optimization, openness, and full
automation;

» Synthesize and integrate the various
components and subsystems as they are
being developed, produced, and
deployed to insure their connection, the
correction of deficiencies, and elimina-
tion of duplication and unwanted redun-
dancies; and,

» Synchronize research and development,
as well as deployment work across all
programs to ensure efficient use of time
and resources, as well as satisfactory
progress and timely completion of tasks.

The degree to which these objectives
are accomplished determines how timely
and complete the intermodal advanced
transportation system can be, as well as
how efficiently and harmoniously it will
operate.
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Significance of the ITS Architecture

The significance of the ITS architecture
stems from its ability to allow nationwide
deployment of compatible transportation sys-
tems and synergistic transportation services.
The architecture's significance is manifest-
ed by its stated objectives which are:

* Promote nationa compatibility viadeter-
mining and implementing national stan-
dards and protocols for vehicle-to-vehicle
and vehicle-to-infrastructure communi-
cations;

» Facilitate I TS user serviceintegration via
a framework for integrating data collec-
tion, data transmission, information pro-
ng, information dissemination, traffic
control, and intermodal transportation
system functions;

» Accommodate new and evolving user ser-
vices viaa structural framework of basic
building blocks for incorporating
new systems and functions; and,

» Provide regiona, institutional, and
consumer decision-making flexi-
bility inimplementing I TS systems
without weakening the above three
objective benefits.

Systems Development, Integration and Implementation

System Architecture-Project Highlights

Caltrans’ Involvement in the National
System Architecture Program

Caltrans is an active participant in the
Architecture development process to:

 Insure that California traffic congestion
problems and transportation system
needs are well addressed,;

* Influence the design of the national archi-
tecture so it leverages and maximizes the
utilization of California's existing trans-
portation infrastructure, as well as
Cdlifornia’s future plans and investments
in the transportation systems;

* Insure that future transportation systems
in California are designed/deployed to
fit well within the emerging national ITS
architectural framework; and

» Share Caltrans’ experiences with, and

provide expertise to, the FHWA, as well
asto the rest of the states’ DOTSs.

ITS Architecture Considerations
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For Cdltrans, the scope of
institutional and legal
issues covers planning,
programming and environ-

mental needs, aswell aslegal and
ingtitutional barriers. Caltrans, in coopera-
tion with al levels of government, the pri-
vate sector, academia, and various interest
groups, isworking on several frontsto help
assure timely and responsible deployment
of advanced transportation systems in
California. Examplesinclude:

e Cadltransisworking with its partners to
establish regional teams throughout the
state to coordinate ATS programs and
activities and help facilitate ATS
deployment;

» Cadltrans, in cooperation with local and
regional agencies, is preparing the
Southern California Priority Corridor Plan
as provided for in ISTEA to showcase
ITS technologies in Southern Cdifornia
(see Project Highlights); and,

e Caltrans, in cooperation with ITS
America and the Federal Highway
Administration, co-sponsored a policy
conference on air quality in June 1994.
Thiswas the third conference in a series
addressing the relationship of ITSto air
quality.

Cdltrans is considering state policy and
legidative initiatives that will support ATS
and related economic endeavors such as:

» Streamlined partnering arrangements for
the program

» Non-profit corporation for ATS com-
mercialization

e Grantsand loansfor ATS innovations by
small businesses

» Liability containment for ATS research
and testing in California

* Regulation-free test zone for telecom-
munication technologies

» AVI procurementsfor public fleet vehicles

* Privacy protection in ATS deployment

The five-year activity charts for these
and other activities provide the ingtitutional
base for ultimate deployment of advanced
transportation systems, products, policies
and services.
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A Showcase of ITS
Technologies and
Stakeholder Cooperation

The Southern California Priority

Corridor, one of four corridorsidentified
in the nation, isto be a showcase for the de-
ployment of intelligent transportation sys-
tems (ITS). Southern Californiais a major
destination for international travel and goods
movement. Travelers and goods flow to and
through the corridor from Asia, Mexico,
Centra America, South Americaand Europe
to destinations in Southern California and
therest of the nation. It iscritical, therefore,
that the transportation system supports the
smooth flow of people and goods through
the most populated areain the state.

The four major efforts occurring in the
corridor are:

* AnIntermodal Transportation Manage-
ment and Information System (ITMIS)
Showcase Project;

* Five Smaller-scale Field
Operational Tests;

e An ATMS Testbed; and,

* A Long-RangelTS Strategic
Deployment Plan.

Animportant component of the showcase
of ITSistheingtitutional cooperation that is
necessary to accomplish these objectives.
The Southern California Priority Corridor
partners have begun to lay a solid founda-
tion by establishing cooperative agreements,
regional teams, and a steering committee to
assure the effective execution of the four ini-
tiatives. Local participation and leadership
will be emphasized in the management of
this effort.

ITMIS Showcase Project

The showcase is a mgjor effort to integrate
intelligent transportation system technolo-
giesinto amodel intermodal transportation
management system. The project will
design, implement, operate and evaluate
ITS user services which provide linking and
optimization of multimodal transportation
systems within the region. The showcase
project will demonstrate an areawide inter-
active/integrated transportation manage-
ment and information system based on real-
time, computer-assisted transportation
management and communications. User
service will include:

» Rea-time information to travelers and
operators,

» Decision/management support to trans-
portation management centers, traffic
engineering/public safety departments
and vehicle fleet operators (public and
commercial); and,

» |nformation/communications network,
linking transportation systems and
modes which are presently uncoupled,
including marine and air.
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Field Operational Tests

Five Field Operations Tests have been fund-
ed by FHWA in the corridor.

* Inthe city of Irvine, an integrated ramp
metering/adaptive signal control project
will evaluate the operational effects of
balancing traffic flow between 1-5/1-405
and the parallel arteria streets. The pro-
ject will a'so demonstrate the effective-
ness of collaborative action on the part
of transportation management agencies
to optimize their strategies to improve
traffic flow.

» The city of Anaheim is testing Split,
Cycle, Offset Optimization Technique
(SCOOQT) as an adaptive signal timing
control package. SCOOT automates the
data collection process and then auto-
matically optimizes traffic signal timing
based on real-time traffic conditions.
Video Traffic Detection System cameras
will be installed and evaluated in con-
junction with the SCOOT system.

» At locations throughout Orange County,
a Mobile Surveillance Field Operations
Test will evaluate the use of a portable
detection and surveillance system for
highway construction, specia events, and
incident locations. Specially-equipped
trailers will be placed at temporary traf-
fic congestion locations. Trailer-mounted
video image detectors will use spread
spectrum radio for transmission of real-
time information to state and local con-
trol centers.

Systems Development, Integration and Implementation

Systems Architecture and Institutional Issues - Project Highlights

» State, regional and local agenciesin San

Diego will take advantage of the exten-
sive call box system to increase their
functionality by adding an interface to
traffic management devices. These
“smart” call boxes will collect traffic
census data; obtain traffic counts, flows
and speeds for accident detection; detect
and report hazardous weather conditions;
control changeable message signs, and
operate roadside closed-circuit television
cameras.

The city of Los Angelesis conducting a
spread spectrum radio traffic intercon-
nect project to evaluate wireless traffic
signal communications. The radios will
be tested in anetwork of signalsto deter-
mine their ability to reliably re-route
communications links, their ability to
work in a variety of geographies, their
ability to provide for large-scale once-
per-second communications, and to
determine the cost-effectiveness of using
this technol ogy.
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Testbed

The Advanced Transportation Management
Systems (ATMS) Testbed is a cooperative
program sponsored by Caltrans, PATH and
local agencies in Orange County to enable
ongoing research, testing and evaluation
activities for development and operation of
integrated multijurisdictional and multi-
modal transportation management systems.
The testbed utilizes existing real-time, com-
puter-assisted traffic and transportation man-
agement systems and PATH labs at the
University of California, Irvine and
Cdlifornia Polytechnic State University, San
L uis Obispo.

The ATMS testbed is intended to:

* Provide an instrumented, multijurisdic-
tional, multiagency transportation opera-
tions environment linked to university lab-
oratories for real-time technologies and
applications. It will enable off-line test-
ing of products and further devel opment
of research prototypes prior to installa-
tion in thefield;

* Provide ameseting ground for practitioners
and researchers to try new approaches to
transportation system management;

 Enable private industry to demonstrate and
evaluate their prototyped technologies
under real-world traffic conditions; and,

» Makeavailable a continua testing ground
for Californiaand national 1TS efforts.

Strategic Deployment Plan

Early deployment planning for intelli-
gent transportation systems in the Priority
Corridor will occur over an 18-month period.
A Strategic Deployment Plan, estimated to
be completed in the summer of 1997, will
address the 29 user services defined by ITS
America as they would apply to the needs
of Southern Cdifornia. The plan will identify
“early starts,” as well as a 20-year plan/
schedule and funding estimates for deploy-
ment of ITS elements. Public participation
is an important element of the plan. To
define the needs of the users of all trans-
portation systems and modes, input will be
solicited from commercial freight operators,
transit operators and travelers.

Start-up activities in the corridor have
already provided an exceptional opportunity
to develop partnerships with stakehol ders.
These include MPOs, state agencies, air
quality management digtricts, cities, counties,
and transit districts. The opportunity to par-
ticipate will continue to expand to include
various modal operators, private industry,
and others.
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tability in state funding that

paralels ISTEA is essentid if
Cdliforniaisto realize the vision
set beforeit. Currently $12.9 million in state
funds is annually budgeted to leverage, in
conformance with AB3096, $20 million in
federal funds and $10 million in cost shar-
ing from Caltrans’ partners.

This baseline budget provides Caltrans
with the minimum state funding necessary to
ensure viable California economic partner-
ships to continue current major program ini-
tiatives in the areas of the Automated
Highway Systems (AHS) Prototype; Priority
Corridor Showcase; Smart Traveler Deploy-
ments (urban); Deployment Planning (urban
and rural); Transportation Management
Systems Testing; and, Automated Highway
Construction and Maintenance.

However, amore aggressive ATS market
approach could have far reaching economic
benefits for Californiain key market areas,
such as: nearer-term vehicle safety products;
multimodal traffic management; advanced
fleet management; and, premium traveler
services packaged for new multimedia and
telecommunications markets.

ATS Program Resource Needs

This market approach requires aggres-
siveinstitutional issues resolution to assure
integrated public/private efforts, coopera-
tive research, development, and testing, sup-
porting technology deploymentsin the pub-
lic infrastructure, and standards
development to accelerate commercializa-
tion. Accordingly, adoption of state policy
and legidative initiatives may be required.

The resource estimates for aggressive
research, development and testing of tech-
nologies on an annual basis are;

o State- $30 million;
» Federa - $20 million; and,
e Partners - $30 million.

Public infrastructure improvements/depl oy-
ments are estimated at $300 to $500 million
from all sources.

A strong commitment to the ATS
Program will further mobility and economic
opportunitiesfor California. The program’s
vision will be realized primarily through
strategic deployment of technologies to the
public transportation infrastructure. Private
sector investment and commercialization
will be necessary. This holds great potential
for establishing new California businesses
ininternational markets and the creation of
jobsfor Californians into the 21st century.
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